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INTRODUCTION. 


The question of what sort of elements the electric stimulus acts in the 
eye has been discussed by a number of investigators. The elements recep- 
tive of the electric stimulus were described as cone fibres by H. V. Helm- 
holtz,!) O. Schwarz” and others, as rod and cone layers by G. E. Miiller,* as 
ganglioncells or synapses in the retina by F. Schwarz,*) H. Lohmann,® and 
as optic nerve or nerve fibres in the retina by Brickner and Kirsch,” H.D. 
Bouman,”) and H. Rohracher.*) Thus, the problem is not yet settled. 


In order to solve this problem, I measured the ‘‘ Empfindungszeit ”’ 
of an electric stimulus and compared it with that of a light stimulus which 
obviously acts upon cones or rods. The ‘* Empfindurgszeit (E.Z.) ” means 
the time which is required to induce the sensation after the stimulation, and 
this question too has been examined by many investigators. There are 
two methods for measuring the absolute value of “ E.Z.’’, i.e. that of Fr. 
W. Fréhlich® and that of F. F. Hazelhoff.” In the present experiment 
the “E.Z.’s”’ of both sorts of stimulus were measured by a modified form 


of Hazelhoff’s method. 
EXPERIMENTAL. 


Method. 


As the method for measurement of ‘‘ E.Z.” for a light stimulus was 
the same as described in the previous work by T. Mita, K. Hironaka and 
I. Koike,™ it will not be reproduced here. The arrangement for measure- 
ment is shown diagramatically in Fig. 1. 

The speed of a fixation point was 22° per sec. in visual angle. It had 
previously been confirmed that the speed has no influence at all on the 
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Fig. 1. (a) Arrangement for measurement of “ E.Z.” 
(b) Circuit for electrical stimulation. 

B=50 volt battery. C=Commutator D=Revolving disc. 
E,, E,=Electrodes. F =Filters. G=Plan-parallel trans- 

*f parent glass plate. 
H=Handle. I=Illuminating patch. K,, K,=Contact keys. 
Kb=Contact-breaker. L=Light source. 1,, 1,=Fixation point 

on the revolving disc. 

1,=Point light on the pointer. M=Electric motor. 
P=Pointer. r;=Resistance of 200 ohms. 
r2=Resistance of 10,000 ohms. Sc=Scale board. St=Stroboscope. 


A mercury- or neon-tube was used as a light-source. It was flashed 
by a relay-system connected with contact keys which were opened by a 
contact-breaker attached to the margin of the revolving disc, and the electric 
source was a charged condenser. 

The duration of light was shorter than 1/1000 sec., and was kept con- 
stant throughout the experiment. The illuminating patch was a disc of 
3 cm, in diameter, and its visual angle was 1°. Under these conditions 
of illumination, i.e. with the duration and the area of stimulation stated 
above, the light image appeared as distinctly circumscribed as a full moon, 
and was very easy to locate its center. 

By the combination of 3 Mazda’s neutral tint filters, each of which 
had 1/50 transmission factor, and of 8 other caliblated filters, whose trans- 
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mission factors lay between 1/1.3-1/1.5, the intensity of light could be 
changed within the range from 10-* up to 1 in ratio. The absolute value 
of brightness of the Hg-tube used was unknown, but the sensation evoked 
by a flash of I unit in intensity was approximately the same as one induced 
by a light of stationary brightness 0.16 HK/cm? for foveal vision of the 
dark-adapted eye. As the stimulus was a short flash, its effect was not so 
strong, but the real brightness of the light source was exceedingly 
high. 

The observer made his gaze follow the middle point between two 
fixation points, 1,, 1,, on the revolving disc, and as soon as he saw the light, 
he indicated the position of the perceived light by means of a pointer, P. 
At that moment the position which was indicated by the pointer showed 
that there was a deflection (from the actual position of the light) in the same 
direction as that in which the eye was moving. The “E.Z.’’ for the fovea 
was calculated from the value of the deflection and the speed of the moving 
fixation point. 

In the case of the peripheral vision, the surface of the reflecting glass, 
G, was so directed that the light stimulus illuminated the peripheral part 
of the retina, when the observer gazed at the fixation point travelling at a 
constant speed. For the measurement, the observer had to indicate the 
position of the fixation point, instead of the image of the stimulating light, 
at the moment when he saw the light in the peripheral field of vision. 

The method for the electrical stimulation was the same as described in 
the previous work of T. Mita, K. Hironaka and I. Koike’); the circuit for 
electrical stimulation is reproduced in Fig. 1. b. The measurements of 
** E.Z.” of electrical stimulation were made in the same manner as in the 
case of light stimulation of periphery; the only difference was that the 
observer saw the electrical phosphene instead ofa light flash. A rectangular 
pulse of the electric current of 400 msec. in duration was used for stimula- 
tion. The electrical phosphene evoked by the onset of the current was 
used for the measurement of the “‘E.Z.”’ When the electric current was 
strong, the phosphene appeared diffuse over the retina, whereas on a 
weak current it appeared restricted to a relatively small area; the localiza- 
tion of the phosphene however was not clearly projected into the visual 
field. The “E.Z.” was also calculated in the same way as mentioned 
above. 

The experiment was commenced after 45 minutes dark adaptation, 
and made binocularly at the interval of 20 seconds. For determination 
of any one value of “‘ E.Z.”’ 10 readings were taken and averaged. Data 
were taken from three subjects, T. Mita, I. Koike and K. Hironaka, two 
of whom were slightly near sighted, with sight corrected by glasses. 
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Results. 
a. The “EZ.” of light-stimult. 


Three subjects gave almost identical results both for the Hg- and the 
Ne-light. As an example, data of “ E.Z.”’ from the subject T. Mita were 
plotted as ordinate against the logarithm of intensity of light in Fig. 2. 

With increasing intensity of stimuli the “ E.Z.’’-intensity-curve (a) 
taken with foveal vision falls at first rapidly, then more gradually and finally 
reaches a constant minimum level. The critical intensity at which the 
*‘ E.Z.”’ reached the minimum value was 110 times as high as the threshold 
intensity. As Table I shows, the minimum “ E.Z.’s”’ were 69.3 msec. for 
the subject T. M., 68.6 msec. for I. K. and 64.7 msec. for K. H. showing 
that individual differences are relatively small. 
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Fig. 2. “E.Z.” and intensities of stimuli. 
Ordinate=“‘ E.Z.” in msec. 
Abscissa= Logarithm of light intensity and voltage. 
a —O-—: “E.Z.”-intensity-curve for fovea. 
b —A—: “E.Z.”-intensity-curve for periphery at 50°. 
CC seeeee Xe: “ E.Z.”-voltage-curve of electrical phosphene. 


The illuminating patch 1° in visual angle, dark-adapted eyes, bino- 
cular vision, subject: T. Mita. 


The measurable maximum “‘ E.Z.’s”’ in foveal vision were 180.0 msec. 
for T.M. 185.2 msec. for I.K. and 189.2 msec. for K.H. The difference 
between the maximum and the minimum “ E.Z.”’ lay between 110.7— 
124.5 msec. In measurements with low intensities near the threshold, it 
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was found easier to work with a slower speed of the fixation point than 
22° per sec. 

As shown in Fig. 2, the “‘ E.Z.”-intensity-curve (b) taken with peri- 
pheral vision at 50° shows a much slower slope all over the measured range 
of intensities. Its maximum value was 304.0 msec. and such a constant 
minimum “ E.Z.’’ as was obtained in the fovea did not appear, but it might 
have been obtained in this case too, if the intensity had been still more 
increased. 


TABLE I. 
** E.Z.”’ of Light for Fovea of Dark-Adapted Eye. 





| “E.Z.” and probable error in msec. 


























Intensity of ‘e 

light (ratio) TM. LK. | K.H. 
18x 10-3 180.04 8.3 185.2460 | 189.2+7.5 
3.2x 10-3 159.04 9.8 169.2+4.3 145.24-5.6 
4.8x 10-3 131.1412.5 123.2+2.4 112.0+2.7 
9.1 10-3 115.3+10.0 113.343.1 anand. 
2.0 10-2 103.5+ 5.0 100.0+2.0 93.3+2.9 
4.8x 10-2 79.3% 4.0 78.6+3.0 70.0+4.1 
2.0 10-1 72.0% 2.5 68.6+2.0 64.743.4 
1.0 69.34 2.0 70.7 +2.4 65.344.3 
1.32 70.74 44 68.6+2.3 66.0+5.3 

max. “ E.Z.” 180.0+ 8.3 185.2+6.0 | 189.2+7.5 

min. “E.Z.” 693+ 20 | 686423 | 64.7434 





The threshold intensity of foveal vision was 460 times as high as that 
of peripheral vision. Data taken with the peripheral vision at 5° and 30° 
eccentric from the fovea centralis showed intermediate values between 
those of fovea and of periphery at 50°. 


b. The “ E.X.” of the electrical phosphene. 


As shown in Fig. 2 c, with increasing of the stimulating voltage the 
‘* E.Z.”’ decreased rapidly in the beginning, then more gradually and finally 
reached a constant minimum value at a voltage which was 8.3 times as 
high as the threshold voltage for electrical phosphene. As Table II shows, 
the maximum “E.Z.’s”’ for the three subjects are 177.2 (T.M.), 178.0 
(I.K.), 175.4 (K.H.) in msec., and the minimum “ E,Z.’s ” are 72.7 (T.M.), 
62.7 (I.K.), 60.0 (K.H.) in msec. The differences between the maximum 
** E.Z.”’ and the minimum “ E.Z.”’ in the three cases are about 104.5-115.4 


msec. 
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TasBve Il. 
** E.Z.” of Electrical Phosphene for Dark-Adapted Eye. 





: “*E.Z.” and probable error in msec. 
Electric voltage 























oe Se TM. LK. | KH. 
0.072, 17724 78 178.04 8.3 a 
0.093 169.24 8.2 158.0+-24.0 175.44£8.9 
0.136 142.04.22.8 11734254 | 1306486 
0.25 104.74 9.3 84.6464 | 92.0499 
0.43 82.04 7.2 68.04 8.0 66.0449.7 
0.60 14.04 3.2 62.74 5.7 61.4+3.1 
0.75 76.04 3.7 65.44 7.0 60.043.8 
1.0 | 72.74 5.1 66.0443 | 6274511 
max.“EZ.” | 177278 | 1780483 | 1754489 
————————— {| —o = — 
min. “EZ.” | 72.7451 | 6275.7 | 60.0438 


The threshold voltage for electrical phosphene, when the eyes were 
moving for the determination of “‘ E.Z.”, was higher than that when they 
were resting, and their ratio was about 1:0.7._ The utilization time for 
electrical stimulation was about 20 msec. for the observer K.H. when it 
was determined by the voltage giving the maximum “ E.Z.”’ with resting 
eyes. When the voltage was doubled, the utilization time was shortened 
to below three msec. in the order of the experimental error of the “‘ E.Z.”’, 
so that the part occupied by the utilization time in the “ E.Z.”’ may be 
neglected. 


c. Comparison of the “‘ E.X’s.” for light- and electrical stimulation. 


Both the maximum and the minimum value of the “ E.Z.”’ of light 
stimulation in foveal vision almost coincided with those of the electrical 
phosphene respectively. The differences between the maximum and the 
minimum values of ‘‘ E.Z.’s’’ in both cases show the same intervals. If 
the units of the intengities for light and electric stimuli are taken in such 
a way that the intensities giving the maximum and the minimum “E.Z.”’ 
are the same for both sorts of stimuli, it is possible to make both sorts of 
‘* E.Z.’’-intensity-curve fairly well overlap one above the other, by scaling 
the light intensity in logarithms and the electric one in voltage ratios. 

On the other hand, the maximum “‘ E.Z.’s ” of the light for the peri- 
phery at 50°, 30° and 5° were 304, 280 and 357.8 msec. respectively. They 
are decidedly longer than the maximum “ E.Z.”’ for the fovea, and further- 
more the slope of the peripheral curve is quite different from that of the 
foveal one. The difference is so marked that the peripheral curve for light 
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stimuli can hardly be made to coincide with the curve for electric stimuli, 
whatever scale for intensities may be chosen. 


Discusst on. 


The most noteworthy fact in this experiment is that both the maximum 
and the minimum “ E.Z.’s” of light for the fovea and of the electrical 
phosphene are almost the same, and that the data of both kinds of “‘E.Z.” 
fall on one and the same curve. 

Kinoshita!) measured the reaction time of a finger for electrical stimu- 
lation of the eye to compare it with the reaction time for light, and reported 
that the former was on an average | msec. longer than the latter. This 
result coincides with my findings for foveal vision. 

As shown above, the maximum “‘ E.Z.” of light for periphery amounts 
to 350 msec., and the characteristics of the ‘‘ E.Z.”’-intensity-curve of the 
periphery is entirely different from those of the fovea. The data for elec- 
trical stimulation obviously correspond with those for foveal light stimula- 
tion, but show no similarity with the result at the periphery. From these 
facts it may be assumed that the electric excitability and reaction velocity 
of the cones are higher than those of rods. Therefore the effect of electrical — 
stimulation on rods must be masked by that of cones, and will not be re- 
vealed. 

W. Kihne’s result” that the visual purple is faded by light, but not 
by an electric stimulus, seems to be comprehensible from this assumption. 

Motokawa!®) investigated the change of the electrical excitability of 
the human retina after illumination of the eye, and discovered that the time 
course of excitability is different according to wave-lengths of light. Using 
this effect as an indicator, he accomplished a number of excellent works 
on color vision. The fact that the color effect may clearly be revealed by 
electrical stimulation is consistent with my result because my experiment 
shows that,the cones which are considered as responsible for color vision 
are the site of electrical stimulation. 

Anyhow, it may be concluded that the cones show that the highest 
excitability and the most rapidest response to electrical stimulation, despite 
the fact reported by Nakagawa’ recently that the optic nerve and other 
neural elements in the retina may be stimulated by electric currents. 

In order to see the relation of the “‘ E.Z.’’ to the electrophysiological 
process in the retina, I measured the shortest latent period and the crest 
time of electroretinograms from curves A, B and C of Fig. 2 in p. 138 of 
Motokawa’s paper?” on the action currents of human retina, and obtained 
52.5, 55.0 and 54.0 msec. for the latent period, and 131, 122 and 128 msec. 
for the crest time. Of course, experimental conditions in both cases are 





8 K, Hironaka 


not the same, if it is admitted that the experimental conditions under which 
the shortest latency of electroretinograms and the shortest ‘ E.Z.” are 
obtained are comparable with each other, the fact that the latency of elec- 
troretinograms is found to occupy 80-90% of the minimum “ E.Z.”’ must 
be considered of great physiological significance; this estimation is also 
consistent with the comparison between the electrical responses of the retina 
and of the optic cortex in Bartley’s'®) animal experiment. 


SUMMARY. 


The “‘ E.Z.’s”’ of the electrical phosphene and of light for fovea and 
periphery were studied in the dark adaptation of three subjects. 

The maximum “ E.Z.’s”’ were 180 msec.—189.2 msec, for foveal 
vision, 304 msec., 280 msec. and 357.8 msec. for peripheral vision at 50°, 
30° and 5° respectively, and 175.4 msec.—178.0 msec. for electrical stimula- 
tion. 

The minimum “ E.Z.’s”’ were 64.7 msec.—69.3 msec. for the foveal 
vision, and 60.0-—72.7 msec. for electrical stimulation. 

The “E.Z.” of the electrical phosphene coincides fairly well with 
that of light for the fovea with respect to their maximum and minimum 
values and to the course of ‘‘ E.Z.”’-intensity-curves, while it differs entirely 
from the ‘‘ E.Z.” of light for the periphery. 

The cones are the most sensitive element of the retina to electrical 
stimulation and also respond to it with the greatest rapidity. Therefore 
an electric stimulus can reveal mainly the effect on the cones even in the 
dark adaptation. 


I wish to express my heartfelt gratitude to Prof. K. Motokawa for his 
advice and criticism throughout the experiment. I wish also to thank Assist. 
Prof. T. Mita for his kind guidance in performing the experiment. 
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A Further Study on the Structure of the A 
Group-specific Carbohydrate from 
Hog Stomach Mucus. 

Preliminary Note. 

By 
Hajime Masamune and Zensaku Yosizawa. 
(ER —) (4 B fF) 

(Received for publication, November 1, 1950) 


Formerly” Ee put forward two possible formulas of the polysaccharide 


constituting the blood-group substance above: 

jaa jaa ope oN HA nw 

H NHAc ° H H NHAc e H NHAc H NHAc 

I 
An additional experiment led us to a definite conclusion. The sub- 

stance was oxidized with periodic acid and after dialysis, the product was 
hydrolyzed and followingly treated with bromine. Tartronic and glyceric 
acid are to be given from the intermediate galactose molecules of I and 
oxalic and erythronic acid from those of II. The compounds obtained in 
fact (tartronic acid in a free state, glyceric acid as brucine salt and gluco- 
samine as hydrochloride) pointed to assumption of I. Glyceric acid is 
yielded also from the galactose molecule standing at the non-reducing end 
of the chain, no matter I or II. But its crop was much larger than cor- 


responds to the rest just mentioned. The experimental details will be 
published in a later issue of this journal. 








1) Masamune and Yosizawa, Tohoku J. Exp. Med., 1949, 50, 388; Yosizawa, ibid., 1950, 
52, 151. 
10 
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The Research in the Various Factors, necessary 
for the Appearance of the Critical Stage of 
Perception Time. 


By 
Izumi Koike. 
Ch % ® 
(From the Physiological Laboratory of Prof. Motokawa, 
Tohoku University, Sendai.) 


(Received for publication, September 5, 1949) 


PREFACE. 


Kovacs” had noted that during the dark adaptation, the highest de- 
gree of value is shown in the perception time (Empfindungszeit) measured 
by the Fréhlich*®) Method, to be evident several minutes after the beginning 
of the dark adaptation. This stage, he had named as the “critical stage ”’ 
of perception time. Since then, much research work had been continued 
by Vogelsang,® Monje,*? Krohnenberger,®) and Fréhlich,® relative to 
this matter. 

Kovacs’ report is restricted only to the critical stage of perception time, 
wherein, as the adequate light adaptation, the observer had stayed out-of- 
doors on a clear day for 20 minutes, and also Fréhlich”) and his associates 
reported that the light adaptation is adequately intensified and the intensity 
of the stimulus is a measureable minimum intensity, i.e., barely measure- 
able immediately after pre-adaptation. 

According to Monje, the speed of increase in the stimulus intensity 
also influences the time of appearance of the critical stage, and in addition, 
the degree of strength of the preceding illuminating is also influential to 
the clearness of this appearance. 

According to Vogelsang,® there is a very wide difference at the time 
of the appearance of the critical stage between the foveal vision and the 
peripheral vision. Consequently, the existence or non-existence of the 
appearance of the critical stage of the perception time, the time of the ap- 
pearance, prominence, are all influenced by various factors, but the con- 
ditions governing the various factors are as yet indistinct. 

I thereby had carried on a systematic research relative to these various 
conditions, and here submit this report on the conditions; i.e., pre-adapta- 
tion, stimulus intensity, and stimulation area of the retina, necessary for 

1] 
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the appearance of the critical stage of the perception time, resulting from 
white light stimulus. 


EXPERIMENTAL. 
Arrangement and Method of Experiment. 


The arrangement for the experiment is a modification of the Hazel- 
hoff Method. (For equipments, refer previous report®) submitted). How- 
ever as there is a minor alteration in the equipment, it is explained below. 
(see Fig. 1) 

A rectangular slit, SL,, (having a 
visual angle area of 2.0’1.0°) was 
opened close to the outer edge of the 
revolving disc, D, as a stimulus patch. 
This slit was covered with a ground 
glass. The source of light, L, was 
placed 260 cm. in the rear of the re- 
volving disc, and by varying the elec- 
tric current which was the source of 
light for illuminating the patch, and 
again, through necessity, using three 

Fig. 1. The arrangement for meas- layers of neutral tint filter, F, having 
urement of perception time. 1/50 transmission factor each it was pos- 


H: Handle of Pointer, F: Filter, D: sible to obtain a range between 6 Stilb 
revolving disc. SLg: rectangular slit on the and 2.3 x 10-* Stilb. Theabove brigh te 


outer edge of revolving disc. P: Pointer, ‘ , 
L: The source of light, SL,: slit for control- ness was measured with a calibrated 


ling the duration of stimulation. M: elec- Mazda Luxmeter, and then later con- 
tric motor. SC: Scale, 1; 1): travelling verted into Stilb. The stimulus light 
fixation Point, 1,: Pointer light. was a white light, and the duration 
of stimulation was 40 msec. This 
was controlled by the width of slit, SL,, which was placed just behind the 
revolving disc, and the speed of the moving point lights, (1,, 1,), on the 
outer edge of the revolwing disc for leading the line of vision was 22°/sec. 
in visual angle. Through this experiment, I kept both duration and speed 
at a constant. The pre-adaptation was attained by illuminating the eye 
with an uniform diffuse light transmitted through 3 layers of ground glasses 
which had been illuminated with a 500 W electric bulb. This luminosity 
was 2.210 lux on the side of the transmitted ground glass, This ar- 
rangement of the pre-adaptation was placed at a point 5 cm. in front of 
the eyes and pre-adapted for 5 minutes. 
Then by switching off the light just after the pre-adaptation, I had 
retained the stimulus intensity constant, then measured the perception 
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times, at 30 seconds intervals for 25 minutes. Upon starting the experi- 
ment, a dark adaptation period of 30 minutes was positively carried out 
prior to the primary pre-adaptation. The electric voltage for the source 
of light for the above pre-adaptation was controlled at all times with a 
Mazda’s “‘slidak’’. The travelling fixation point, 1;, 1,, necessary for 
following the line of vision, and the pointer light, 1,, were wired so that 
they were controlled simultaneously with a single reostat and arranged 
so as to enable the observer to have a minimum quantity of light intensity, 
enough to take measurements in the course of dark adaptation. The ob- 
server used a binocular vision, and the method of measurement of the critical 
stage was similar to that explained in the previous report. There were 
two observers highly experienced and the results they had obtained showed 
a closely similar value. The figure for the results of the experiment is not 
of an average value, but is an example of a single series of experiments from 
among several series of measurements taken. 


Results. 


1. Progressive dark adaptation and changes in the perception time at 5° from 
the fovea as tested by white light stimulus. 

Figure 2 shows one example of the progressive dark adaptation of the 
perception time, when the various intensities of stimulus light are used, at 
a pre-adaptation of 2.2 x 10* lux. 


X 24 x10™Sb 


35X10 °Sb 
12x10 "Sb 





37X10 “Sb 





70XI0*Sb 





41X10 Sb 
ge. 





58Sb . , 
r ee ae Eb” | J ial 
70° 15’ 20° 25° 
Fig. 2. Progressive dark adaptation of perception time by white light. 
Abscissa: Time of dark adaptation. Ordinate: Perception time (msec.) 
The values on curved line express brightness of the stimulus light. Pre-adapta- 
tion: 2.2 x 104 lux during a period of 5 minutes. Region of retina: 5° peri- 
pheral. Duration of stimulation: 40 msec. Visual angle of stimulus light 
patch: 2.0’ 1,0° (rectangulaf), Binocular vision. 
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From bottom to top curves obtained at decreasing stimulus intensities 
are illustrated. It was possible to take measurements of the perception 
time directly after the beginning of dark adaptation, when the stimulus 
intensity was above 3.6 x 10-* Stilb. However, when the stimulus was 
weaker than 3.6 x 10-8, it was necessary to allow a few minutes to pass be- 
fore measurements could be taken, after the dark adaptation had begun. 
The critical stage of the perception time appeared clearly only between 
4.1«10-+ Stilb and 3.7 10- Stilb in this series of measurements. An 
example where the stimulus is too strong is shown in the lowest curve (5.8 
Stilb) in Fig. 2, and an example of a too weak stimulus is shown in the three 
curves from top downwards. Therefore it is evident that critical stage can 
be obtained only under a suitable stimulus intensity. In this range of 
stimulus intensity, during the period from 2 minutes 30 sec. to 3 minutes, 
after the beginning of dark adaptation, the perception time was at its mini- 
mum, and then suddenly began to prolong, and the appearance of the 
critical stage, i.e., the appearance of the maximum value of perception 
time was at 5 minutes or 6 minutes. There was a tendency for its appear- 
ing rather early when the stimulus light was strong. The perception time 
had thereafter shortened suddenly, returning almost to its final value within 
8 or 10 minutes, and showed almost no variance thereafter. Moreover, 
in this instance, 30 minutes after the dark adaptation, the threshold value 
of the light stimulus was 2.3 x 10-® Stilb. 


2. Progressive dark adaptation of the perception time of the foveal vision tested 
by white light stimulus. 

In the instance of foveal vision, it was impossible to observe such note- 
worthy a change as has been noticed in the critical stage of perception time 
of peripheral vision. However, when the intensity of stimulus was at 
8.3 10-3 Stilb and 6.6 10-4 Stilb, although vague, it was possible to 
observe the critical stage of perception time during the period between 3 
minutes 30 seconds and 5 minutes. Effects of decreasing the stimulus 
intensity in the above experiment are similar to those described, and again, 
the measurements of the perception time directly after pre-adaptation was 
possible when the stimulus intensity was 6.6 x 10-4 Stilb or over. More- 
over, although it was possible to take measurements up till 3.4 x 10-4 Stilb, 
it was required to await the progress of the dark adaptation for 5 minutes, 
under the above brightness. In this instance, the threshold value of the 
fovea of the dark adapted eye, was 3.4 x 10-4 Stilb. 


3. The relation between luminosity of pre-adaptation and the critical stage 
of perception time. 
As the appearance of the critical stagé of the perception time was far 
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sharper and brighter by the blue-violet light than by the white light, the 
blue-violet light was used as the stimulus and the effects of the pre-adapta- 
tion was observed. The spectrum of this light was in the range of 490- 
415 my and had oontained a minute portion of red ray of 720 my, and, 
when observed through a spectroscope, it was most brilliantly seen at about 
465 m [- 

As shown in Fig. 3, when the 
intensity of the pre-adaptation was 
at 2.2 10¢ lux, the critical stage 
of perception time clearly appear- 
ed after 5 minutes, and at an in- 
tensity of 10* lux, and below, the 
critical stage was not preceded by 
a shortning of the perception time, 
but started with the prolonging 
phase. As the intensity of pre- 
adaptation decreased the critical 
stage began with its later phase as 
if the primary phase had been 
sliced off, as shown in Fig. 3. 
Again with the decrease in the in- 
tensity of the pre-adaptation, the 
critical stage decreased in the 
magnitude of its elevation. 

When the light adaptation is 


22xi0° lux A 

















sufficient in intensity, the time of 
appearance of the critical stage of 
the perception time, took place at 
the latest, taking 5 minutes, (Fig. 
3A). At 10* lux, the time was 3 
minutes, (Fig. 3B); at 10° lux, it 
was | minute, (Fig. 3C); and at 1 
lux, it was about 30 seconds, only 
a slight elevation being notice- 
able. (Fig. 3D) 


Time ———> 


Fig. 3. Relation between perception time 
and pre-adaptation. 

Abscissa: Duration of dark adaptation. 
Ordinate: Perceprion time (msec.) The values 
noted at the right of each curve are the in- 
tensities of pre-adaptation. Region of retina: 
5° peripheral. Duration of stimulation: 40 
msec. Visual angle of stimulus light patch: 
2.0’ x 1.0° (rectangular). Binocular vision, 


4. The perception time of foveal vision and peripheral vision, in dark-and 
light adaptation. 
In order to make a comparison between foveal and peripheral vision 


at 5° from the fovea, under dark- and light adaptations, the perception 
time—stimulus intensity curve is shown in Fig.4. After a pre-adaptation 
of 2.2 x 10‘ lux, and then 5 seconds after the beginning of dark adaptation, 
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Fig. 4. Perception time-stimulus intensity curves of fovea and the 5° 
peripheral, (both light and dark adaptation). 

Abscissa: Logarithm of the brightness of light stimulus.. Ordinate: 
Perception time (msec.) A, B and C are peripheral curves, A’, B’, and C’ 
are foveal ones. A, A’ are curves for during Pre-adaptation, B, B’ for at 
5” and C, C’ for in 25’ after the beginning of dark adaptation. 


shortest perception times while under both dark and light adaptations of 

the foveal vision and the 5° peripheral vision, were re-written from the 
curves in Fig. 4, and shown in Table I. 

The longest percep- 

Tasre I. tion time obtainable with 

the least stimulus in the 

ic eo peripheral vision showed 

Max. | Min. | Max. | Min. an equal value under both 

Light Adapt. 200, | 1931 | 267. | 267. _ light anddark adaptations. 


5” after nn off 193.1 | 146.7 | 2701 |-160. “84i in the foveal vision 
ine and peripheral vision, the 


Dark Adapt. 168. 68.7 | 270.1 | 687 shortest perception time 

obtainable with the maxi- 

mum stimulus intensity was shorter in the dark adaptation than in the 
light adaptation. 

The maximum perception time of the foveal vision obtainable from 

a minimum intensity showed a slight difference between the dark and light 

adaptations. However, it was clearly much shorter than the maximum 
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perception time of the peripheral vision. In Fig. 4, the curve C is different 
from others, having a cusp at the stimulus intensity of 8.3 x 10-3 Stilb. 
The portion on the right of this cusp is found almost coincident with curve 
B, when the latter is laid upon the former. Again, curve C’ is also similar 
in shape to the right section of C. Upon comparing B’ and C’, the dif- 
ference in the maximum and minimum perception time of curve B’ is small, 
however, when the dark adaptation begin to progress, it is noted that the 
difference is enlarged. Again in the B’ curve, such a section as on the left 
side of curve C’, in other words, the curved portion of acute inclination 
which corresponds to the weak stimulus intensity, is missing. 

The necessary stimulus intensity for the appearance of the critical 
stage of perception time was ranging from 3.4.x 10-4 Stilb to 4.1 x 10+ 
Stilb. (Fig. 4, abscissa 5.4-1.0), by the 5° peripheral vision. That is, the 
lower limit of the necessary stimulus intensity lies in the region close to 
the threshold value of the fovea of the dark-adapted eye, and its upper 
limit lies in the region close to the maximum stimulus intensity related to 
the perception time of the tested area in the retina of the dark adapted eye. 


Discussion. 


The two curved parts which are joined by a cusp to each other, as 
shown by curve C in Fig. 4 can be thought as showimg the function of both 
the cone and the rod, in other words, it is thought that in the section left 
of the cusp, the function of the rod is shown as being dominant, while on 
the right side, the function of the cone is shown as being dominant. While 
the stimulus intensity is low, the function of the rods determines the per- 
ception time. However, above a certain definite limit of intensity which 
corresponds to the cusp stated above the function of the cones becomes sud- 
denly dominant. According to Vogelsang,’® the inclination of the per- 
ception time—intensity curve for the rod section is more acute than the in- 
clination of the curve of the cone section. Again, according to him, should 
the stimulus intensity be raised the reaction of the rods should accordingly 
increase in rapidity, however, as there is a limit to the bleaching speed of 
the visual purpul of the rod, the perception time will not shorten below 
a certain degree, and with a higher stimulus intensity, the photochemical 
substance of the cone is interpreted as being dominant over the reaction 
speed for the first time. My result is clearly in contrast with that of Vogel- 
sang; the inclination of the rod section is more gentle instead of more acute 
than that of the cone section. Consequently the interpretation should be 
quite different. 

According to my research, the hypothesis advanced by Vogelsang is 
entirely unnecessary. The fact that the inclination of the curve is more 
gentle in the rod section may be so interpreted that even at the lowest stimu- 





18 I. Koike 


lus intensity the perception time is not so greatly prolonged as would be 
expected in the case of more acute inclination of the curve. This is ob- 
viously favorable for a living object. 

The time of appearance of the critical stage of the perception time is 
dependent upon the intensity of the pre-adaptation. The nature of this 
dependence is absolutely similar to that of Kohlrausch’s! dark adaptation 
curve which was measured by the threshold value, wherein, the so-called 
** Knick ’’ of the adaptation curve appears earlier or later according to the 
intensity of the pre-adaptation, (Hecht S. Haig. C. and Chase, A.M.) 

Such critical stages with respect to the light sensitivity as well as to 
the perception time, although starting from the strongest condition of light 
adaptation, appear within 10 minutes or earlier after the beginning of 
dark adaptation; the appearance of the critical stage of perception time 
is, therefore, clearly dependent on the relative activity of rods and cones, 
attendant to the progressive dark adaptation. On one hand, resulting 
from the research of the stimulus intensity, the appearance of the critical 
stage of the perception time is impossible only through the stimulation of 
the rod, but the stimulation of the coné is absolutely necessary. On the 
other hand, the fact that the appearance of the critical stage of the percep- 
tion time is not clear enough at the fovea, indicates that it is also insufficient 
with only the stimulation of the cone. Therefore, it is a phenomenon 
appearing when the cone and the rod together receive a simultaneous 
stimulus of a certain degree. This is the reason why that a sufficient pre- 
adaptation is needed for appearance of the critical stage. 

In the instance of a rather high stimulus intensity, the cone pre- 
dominate. In such cases, although it is evident that the rods are also strong- 
ly stimulated, its effects are not shown and the critical stage does not ap- 
pear. Interpreted from the point of the time of its appearance, there must 
be a deep relation in the proximity of the threshold value of the rod and 
cone. This type of phenomenon should be treated generally as being a 
mutual reaction between the cone and rod. 


/ SuMMARY. 


1. The various factors, i.e., pre-adaptation, stimulus intensity, stimu- 
lus area of retina, which are necessary for the appearance of the critical 
stage (dark adaptation) of perception time by white light stimulus, have 
been systematically pursued. 

2. The critical stage is retarded and much more manifest when the 
light adaptation is sufficiently strong in intensity. 

3. It is necessary to have an appropriate stimulus intensity for the 
appearance of the critical stage of perception time. This lower extreme is 
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found in the threshold value of the cone of the dark adapted eye, and its 
upper extreme is found in the region nearest the maximum stimulus in- 
tensity relative to the perception time of dark adapted eye. It does not 
appear outside of the above mentioned range. That is, in the 5° peripheral, 
it is most appropriate within the range, 3.4 x 10-* Stilb, to 4.1 x 10-1 Stilb. 
The above is found to be in accord with the reports of Fréhlich and the 
others. 

4. The critical stage of perception time in the peripheral vision is 
evident in appearance, but not quite evident in the foveal vision. This is 
not in accord with the results of Vogelsang. 

5. The critical stage of perception time, is interpreted as becoming 
‘evident in appearance when both the cone and rod are subject to appro- 


priate stimulations. 


I sincerely thank Prof. Koichi Motokawa and Asst. Prof. Toshisada Mita 
for their kind advices and guidance, which they have so unselfishly favoured 
myself during this experiment. 
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Fischer and Andrez” assigned the structure of 5-oxymethyl-3,4-di- 
oxytetrahydrofurfural to chitose, which is formed when chitosamine is 
deaminized with nitrous acid. The structure was inferred from the acetyl 
derivative of chitonic acid, an oxidation product of chitose, but the authors 
were not successful in isolating chitose, and so Zechmeister and Téth®) even 
discredited the claim, and insisted instead that desaminochitosamine is 
glucose on the basis that 1) they obtained glucosazone from the solution 
of the deamination products, 2) these showed no change of rotation on 
boiling with 10% acetic acid and 3) no mannose phenylhydrazone was 
given. More recently, however, Schorigin and Makarowa-Semljanskaja* 
supported the view of Fischer and Andree by separating diphenylhydrazone 
of chitose with N-content nearly coinciding with the calculated. The 
writer also came to the same conclusion from the findings on the benzyl- 
phenylhydrazone. The product differed distinctly from the corresponding 
hydrazones of glucose and mannose regarding N-content and solubility. 

As to desaminochondrosamine, Levene and La Forge* said that its 
phenylosazone was same as that of non-deaminized chondrosamine. But 
the melting point as well as optical rotation of the alleged osazone of chon- 
drose (It melted at 175° and decomposed at about 185°. ‘‘ The rotation 
was determined in Neuberg’s pyridine-alcohol mixture in 0.5dm. tube 
with D-light. 0.1000 gm. of substance in 5cc. rotated after 18 hours 
+0.20°’’.) was unsatisfactory to prove it identical with galactosazone. 
The authors’ preparation of chondrosamine phenylosazone was far remote 
from pureness, as is contrasted in next page. 

According to the writer’s experience, complete deamination of chon- 
drosamine with silver nitrite is difficult when tried in the cold as by the 
authors*)”) and, hence, their osazone might have been:an impure product 
derived from chondrosamine remaining unchanged, On the other hand, 
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Phenylosazone from 





Author Chondrosamine Galactose 
—->-— 
F.P. — F.P. 


Levene and La Forge 180—185° +0.18° 
(1914 


Levene and La Forge +0.34° 
(1915)? 
Hiyama® 198° 199° +0.40° 
(decomp., (decomp., 
200°C) 200°C) 
stable tetrahydrofurane ring is enough resistant to oxidative opening by 
phenylhydrazine, but despite of this conflict Levene® believed desamino- 
chondrosamine to be 2,5-anhydro-talose. Be that as it may, the writer 
could prepare, again in this hexosamine, a benzylphenylhydrazone after 
deamination. N-analysis afforded a figure affirming the structure of chon- 
drose as 2,5-anhydro-galactose or -talose. The substance further differed 
markedly from the corresponding hydrazone of galactose or talose (s. be- 
low). 
Deaminized chondrosin or chondridin.® According to Kobayasi,’® 
the OH-group at 5-position of chondrosamine is not blocked up in the 
molecule of chondrosin. Therefore,!!) desaminochondrosin is assumed to 


have the structure: 


COOH 

oO--—-— 
| aX: 
nape» CHCH,  ¢ uA 
of NEY" 
OH 


H 


Assignment of 8-glucosidic form is arbitrary. 


HO-HC. CH-OH 


The writer obtained its brucine salt in a crystalline form, whose qualitative 
and quantitative properties (positive Schiff test, N-content) were-in accord 


with the expectation. 


EXPERIMENTAL, 
1) On Desaminochitosamine, 

4 g. of chitosamine hydrochloride were dissolved in 20 cc. of water 
and a few drops of 0.1 n. HCl and 2 g. of silver nitrite added. The mix- 
ture was shaken vigorously on a boiling water-bath for 10 minutes and 
stood at room temperature for 30 minutes. After a repetition of heating 
and following standing, it was filtered with suction. The yellowish filtrate 
which was free from silver (H,S test) gave no Elson and Morgan test for 
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hexosamine.!*) But the positive Tollens (cold ammoniacal silver nitrate), 
Molisch and Schiff (cold) reaction were shown and hot Fehling solution 
was reduced. 

Next the fluid was distilled in vacuo to a syrup ‘and 4 g. of benzyl- 
phenylhydrazine added as dissolved in 20 cc. of abs. alcohol. Crystals 
came out on adding additional abs. alcohol (2 cc. or less) in small portions. 
After 3 hours of standing in a dark place, the crystals were brought onto a 
suction funnel, washed with a small quantity of water quickly and with 
abs. alcohol. The crude substance weighed 1.6 g. and broke up into a 
dark fluffy substance (no melting) at about 170°C, having begun browning 
at about 150°C. It was recrystallized from hot 30% alcohol (An insoluble 
part discarded), when the product exhibited constant decomposition point 
of 177-178°C (Charring began at about 160°C). Yield, 1.2g. It was 
readily soluble in water, but insoluble in methanol, ethanol (cold and hot), 
ether, acetone, benzene, chloroform, pyridine and glacial acetic acid. Schiff 
(cold), negative. Molisch, faintly positive. Hot Fehling solution was 
reduced. . 

It left no ash on ignition with H,SO,. No weight was lost at 100°C 
and diminished pressure. 


N (Friedrich). 
9.50 mg. substance, 0.775 mg. NH;-N. 
CigHa,NvOg. Calc., 8.18%; found, 8.15%. 
Optical rotation in water. 
After 3 minutes from dissolution: 
17_ 192x100 _ as 
(lp ="ga7x1 7 Th 
at equilibrium: 
17_1.39x 100 “ ms 
[eh ="o.27x1 +8! 


The properties of benzylphenylhydrazones of glucose!) and man- 
nose!# will be quoted for comparison: 


Benzylphenylhydrazone 





Sugar Form F.P. Solubility in 





water alcohol ether pyridine 


—_ ~ 





needle ° a 
Glucose (non-col.) 162 d. sol, e. sol. 


needle 170° d. sol. e. sol. 
(non-col.) 
(col.=colored; d.=difficultly; ¢.=easily; sol.=soluble.) 


Mannose 


Note. Phenyl- and 2,4-dinitrophenyl-hydrazine were found of no or 
little use for the separation of desaminochitosamine. 
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2) On Desaminochondrosamine. 


2 g. of chondrosamine hydrochloride were subjected to deamination 
in a manner described in the case of chitosamine hydrochloride. The 
obtained greenish-yellow transparent solution of the products behaved 
towards Elson-Morgan, Molisch, Schiff, Tollens and Fehling reagents 
similar to the corresponding solution in 1). 

It was inspissated as before for the purpose of preparing benzylphenyl- 
hydrazone, but distillation was interrupted just before attaining of it syrupy 
consistency and the condensate treated with 2g. of the hydrazine in 
10 cc. of abs. alcohol. 2 cc. of abs. alcohal were added drop by drop, and 
the mixture was kept in a dark place for halfa day. Prismatic crystals 
that came out were separated and washed as in the above case—0.78 g. 
The substance began charring at some 110°C and broke up at some 140°C. 
It was taken up in 10 cc. of water, removed from an impurity undissolved 
and evaporated by vacuum distillation to about 1 cc. On addition of an 
almost equal volume of abs. alcohol in small portions, crystals began to 
appear. The deposits were collected after standing overnight and washed 
with abs. alcohol. Dissolved in a small volume of water and again pre- 
cipitated and washed with abs. alcohol. The final product (non-coloured 
prisms) amounted to 0.15 g. It began charring at about 150° and decom- 
posed (no melting) at 164-165°C. Schiff (cold), negative. Molisch, faintly 
positive. Hot Fehling solution was reduced. It was also insoluble in those 


organic solvents with which the corresponding hydrazone of desamino- 
chitosamine had been examined. 
It contained neither ash nor cyrstalline water (examined as in 1)). 


N (Friedrich). 
9.40 mg. substance, 0.766 mg. NHs-N. 
CygHagNoO,. Cale., 8.18%; found, 8.15%. 
Optical rotation in water. 
After 3 minutes from dissolution, 
> 0.63 100 , 
(ID = T7417 4362's 
at equilibrium, 
1.62 x 100 
[sly = Ley erie ryce 
This benzylphenylhydrazone is markedly different from those of 
galactose) and talose’) which possess the properties tabulated on the 
Opposite page. 
The writer also made attempts to obtain phenyl-, methylphenyl-, p- 
bromophenyl-, -nitrophenyl-, and 2,4-dinitrophenyl-hydrazone of des- 
aminochondrosamine which was fruitless. 
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Benzylphenylhydrazone 
Form F.P. Solubility in 
water alcohol pyridine 











non-col. 


ee 
‘ened 157° d. sol. e. sol. 


ee 
ae 199° d. sol. 


3. On Desaminochondrosin. 


Desaminochondrosin was prepared from crystalline chondrosin (chon- 
dridin of Hebting’®) according to Levene and La Forge*”) with some 
modification :— 

1 g. of chondrosin was dissolved in 25 cc. of 0.1 n, HCl and 0.4g. 
AgNO, added and shaken. The filtrate was heated on a boiling water- 
bath for 2 hours and stood overnight at room temperature. Then, to this 
0.2 g. of AgNO, was added and the mixture heated and stood as before. 
Filtered with suction. The filtrate was freed from silver with a just suf- 
ficient quantity of HCI and distilled in vacuo to a syrup and precipitated 
with acetone. _ The precipitates were washed thoroughly with acetone and 
dried. The obtained powder (0.7 g.), non-coloured and very hygroscopic, 
contained still a trace of nitrogen (0.03% by micro Kjeldahl method) and 
gave the positive Elson-Morgan reaction, though very faint.!® It responded 
to Schiff reagent (in the cold) at its 1: 10¢ dilution, which nearly matched 
the sensitivity of formic acid towards the same reagent (Formic acid gave 
the reaction as far as a dilution of 1: 105), when calculated in terms of 
molarity as assumed that desaminochondrosin was the only product. 
Iodine use (Macleod and Robison) also agreed approximately with the 
calculation (0.27 cc. of 0.02 n. iodine was used per mg. of the substance).?” 
Tests for hexuronic acid (Neuberg and Saneyoshi’s and Goldschmiedt’s 
test) and ordinary sugar (Molisch) were demonstrated. It (22.8 mg. in 
1 cc.) did not rotate D-light at all in water. 

Brucine salt. 0.5 g. of the amorphous powder above was dissolved 
in 5cc. of water, 20 cc. of alcohol added and brucine dissolved until a 
pH of the solution beyond 8.0. The solution was distilled in vacuo 
almost to dryness. The remainder was distilled twice more with 30 cc. 
of water. It was finally taken up in 30 cc. of water and undissolved bru- 
cine®® filtered off, then the filtrate was shaken exhaustively with chloro- 
form (three 70 cc. portions). The watery layer that separated on standing 
was subjected to vacuum distillation and the syrupy residue stood in an ice 
chest. Crystals in needle form appeared gradually. After three days, 
they were spread on a porous plate. The brownish bulk obtained (320 
mg.; F.P., 147-151°C) was dissolved in 10 cc. of water, decolorized 
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with purified animal charcoal and distilled in vacuo to about 1 cc. and 
kept again in the ice chest for 3 days. The crystals were collected on a 
funnel with suction—174mg. F. P., 149-152°C. Recrystallized again 
in a similar manner (no treatment with charcoal), substance was reduced 
to 150 mg. This product melted at 151—-152°C and further recrystalliza- 
tion did not raise the melting point. It gave the positive reaction in 
Schiff, Molisch, Goldschmiedt and Neuberg-Saneyoshi tests, and left prac- 
tically no ash on burning. 


Crystalline water. 3.614mg. substance decreased to 3.430mg. at 80°C and 
reduced pressure. 
CysHggOy3;Ne+2H,O (768). Calc., 4.69%; found, 5.09%. 
N (Friedrich). 
9.40 mg. substance, 0.346mg. NH;-N. Calc., 3.65%; found, 3.50%. 
Optical rotation in water. 


fale? = 


—0.15x 100 
1.036 x 1 
This rotation was wholly due to brucine making up the salt :— 

18.85 mg. of brucine Cy3H gO4N2-4H,O were taken up in water with the equivalent quan- 
tity of sulfuric acid and filled up with water to 3 cc. so as to obtain a solution of brucine in the 
same concentration as in the solution of the desaminochondrosin salt above. « at 20°C was 
—0,15°. 


=—14.5° (no mutarotation). 


Iodine value. 
8.15 mg. substance, 0.98 cc. of 0.02 n. iodine solution used. 


Calc., 26.0; found, 24.1. 


Cinchonin gave no crystal with desaminochondrosin by the above 
method. Cinchonidine salt crystallized in needles, but too small a pro- 
duct was yielded. 


Through the Grant Committee for Scientific Researches was given from 


the Education Department a grant which enabled us to accomplish this work. 
H. M. 
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That chondrosin is chondrosamino-6-glucuronide was established by 
Kobayasi.!’ The present investigation has disclosed it to be a £-glucuro- 
nide. The snail enzyme complex, which contains f-glucuronosidase but 
not the corresponding a-enzyme,*) could not attack the glucosidic linkage 
of chondrosin, N-acetylchondrosin®) and glucuronido-tagaturonic acid,* 
and thus at first it looked as if chondrosin were an a-glucuronide, but 
further experimentation with desaminochondrosin® disproved it clearly, 
demonstrating easy hydrolysableness of this chondrosin derivative. Chon- 
drosin and its other derivatives are considered enormously stabilized by 
their aglucon. N-Acetylchondrosin and glucuronidotagaturonic acid were 
not cleft by emulsin either. 


EXPERIMENTAL. 


I. Digestion Experiments with Snail s-Glucuronosidase. 


1) Substrates and Enzyme Solutions. 


The following substances were employed: Menthol-f-glucuronic acid 
(Masamune method®), phenol-f-glucuronic acid (Masamune method®), 
crystalline chondrosin (chondridin of Hebting’’), barium salt of N-acetyl- 
chondrosin (Kobayasi*’), barium glucuronido-tagaturonate (Kobayasi*), 
desaminochondrosin (prepared from crystalline chondrosin as in the fore- 
going work®)), The enzyme solutions employed were similar to the 
original] solution in the third work® on snail enzymes. pH’s of them were 4.5. 


2) Method. 


The procedure in the second® and third® reports on snail enzymes 
was adapted and the hydrolysis grades were determined by iodometric 
29 
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titration, taking 0.5 cc. of the alkalized incubation mixtures (1 cc. of a 
substrate-buffer sol. : 0.3 cc. of an enzyme sol.). 


3) Determination of the optimum pH of the present 
8-glucuronosidase. 


0.046 mol. solutions of menthol- and phenol-glucuronic acid were 
incubated at various pH’s for 30 and 60 minutes respectively. ‘Tempera- 
ture, 37°C. The results are embodied in Table I, which indicate that the 
scission occurred to the utmost at pH 4.5.. Cleavability of chondrosin 
and derivatives were examined at this pH, although the optimum pH of an 
osidase is not always one and the same, depending upon the kind of aglucon 
of substrates. 


TABLE I. 
Hydrolysis of Menthol- and Phenol-glucuronic Acid by Snail 
Glucuronosidase at Various pH’s. 


Time of digestion: mentholglucuronic acid, 30 minutes; phenolglucuronic 
acid, 60 minutes. 





ANT sl Saee | Mentholglucuronic acid | Phenolglucuronic acid 
hs 





Nyt Decrease of | : Decrease of . 
a | thiosulf.* ae eclet thiosulf* | Hydrolysis | p+. 193 
OS SROPRS NYO del 66. 7 use. Cc. et 


™~ 





1.85 2.9 | 0.5 
3.63 58- | 10 


3.2 032 | 80 | 2.8 
4.1 |} 124 | 387 13.7 
3.30 5.2 0.9 
2.90 4.5 0.8 


14.0 
10.2 





| 
| 

4.5 1.48 36.7 | 15.2 | 3.70 5.8 1.0 
endl 


5.0 1.37 34.4 
5.8 1.05 26.4 


100 
100—% cleavage 
t The iodine consumption by liberated phenol was takin into account for the calcula- 
tion. 


* 0.005 n. solution. tT gue x In 
t min. 


4) Experiments with chondrosin, N-acetylchondrosin 
(Ba salt), glucuronido-tagaturonic acid (Ba salt) and 
desaminochondrosin. 


Substrate-buffer solutions at pH 4.5 (chondrosin, 0.051 mol.; Ba salt 
of N-acetylchondrosin, 0.051 mol. ; barium glucuronido-tagaturonate, 0.052 
mol.; desaminochondrosin, 0.053 mol.) were incubated with a solution 
of the enzyme for 5 hours. The iodine consumptions of the mixtures 
measured at intervals revealved that all of the substrates resist digestion, 
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exclusive of desaminochondrosin. Therefore, in the next, the velocity of 
digestion of this compound was determined by tracing the course under 
similar conditions (Table II). From the figures given the digestion appears 
to arrive at equilibrium with the reverse reaction when about half of the 
substrate is hydrolyzed. In the control run without the enzyme solution 
no increase of iodine use was found. 


TABLE II. 
Cleavage of Desaminochondrosin by the Snail Enzyme at pH 4.5. 





Time of 
incub. (min.) 30 60 60x2 60x4 60x7 60x10 60x24 60x48 60x 103 





Decrease of 
thosulf.* 0.25 0.60 0.96 1.43 1.98 2.41 3.95 5.21 5.54 


use. CC. 
Hydrolysis.2% | 2.2 54 86 128 178 216 354 466 499 
ktx 108 0.72 0.72 069 O57 046 039 029 022 O11 





1 100 
* *. — —~ wy Tee 
0-005 n. solution. ftk=— x\n 100—2% cleavage 


5) Separation of glucuronic acid from a digestate of 
desaminochondrosin. 


534 mg. of desaminochondrosin were dissolved in 30 cc. of water. 
pH of the solution was 2.2 so that it was adjusted to 4.5 by means of baryta 


(powdered crystals and 1.5 cc. of the sat. solution). 9cc. of the enzyme 
solution were added and the mixture maintained at 37°C with toluene. 
Since the pH of the mixture was lowered slowly during the incubation a 
dilute baryta was added once to bring it back to the original. After seven 
days (48.8% of the substrate were split up), the mixture was removed from 
barium with a just sufficient quantity of sulfuric acid (10°%4,—0.01 n.) and 
precipitated with trichloracetic acid (7.5g. were added to the liquor 
(50 cc.)), and then, to eliminate this precipitant, the mother liquid was soon 
treated with ether, whereby it became somewhat turbid. The clear centri- 
fuged supernatant fluid was distilled in vacuo (35°C) to syrupy consistence. 
To the remainder (pH, 2.0) were added 20 cc. of 95% alcohol and the 
precipitates centrifuged off. And the supernatant liquid (pH 3.2) was 
alkalized to pH 8.0 with baryta powder. The appearing precipitates were 
centrifuged, the centrifugate exhausted with three 15 cc. portions of water 
and from the extracts combined (pH, 10.0) barium was precipitated as 
above. The supernatant liquid after centrifugation was condensed by 
vacuum distillation (35°C) to about 15 cc. (pH, 2.0) and after addition 
of 20 cc. of 95% alcohol, cinchonidine dissolved to pH 8.0 of the solution. 
This solution was distilled at a diminished pressure nearly to dryness and 
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the remainder similarly distilled three times with 15 cc. of water. The 
final rest was taken up in water (150cc.), the excess cinchonidine filtered off 
and the filtrate concentrated in a like way as above to a small volume. 
Crystals in needles began to come out during the distillation. After 2 days 
in a refrigerator, the crystals were separated on a suction funnel. Yield 
70mg. F.P.,173-176°C. The brownish crude product was dissolved in 
10 cc. of water, decolorized with purified animal charcoal, and condensed. 
This time the product melted at 184—185°C. On another recrystallization 
from 95% alcohol, it showed constant melting point of 191°C. Crop, 38 
mg. Mixed melting point with cinchonidine glucuronate was iden- 
tical. 


Crystalline water. 
4.375 mg. substance was reduced to 4.150 mg., when dried at 80°C and low 


pressure. 


CoHigOr-CigHayON2+25-H,O. Calc., 5.242% ; found, 5.1492. 


Nitrogen (micro Dumas). 
3.668 mg. substance, 0.166 cc. Ng (16°C, 758.15 mm. Hg). 
Calc., 5.22%; found, 5.35%. 


It had the equilibrium rotation in water: [aie 


=—74.4°. 

Control experiment. By taking 200 mg. of desaminochondrosin was 
prepared a mixture of the substrate, buffer and enzyme similar to above 
regarding the proportions of the components and pH, and immediately 
without incubation, removal of barium and the following processes were 
carried out. But merely crystals looking like cinchonidine salt of des- 
aminochondrosin® and weighing few milligrams were given. 


II. Experiments with Emulsin. 


Digestion experiments of barium salt of N-acetylchondrosin and barium 
glucuronido-tagaturonate with emulsin were executed as those in I, 4). 
The former substrate was used as 0.048 mol. solution and the latter as 
0.052 mol. solution and the enzyme solution was prepared by dissolving 
emulsin E. Merck in 2% concentration in water. Here the pH of the in- 
cubation mixtures were kept at 4.0.1 Neither of those chondrosin de- 
rivatives were hydrolyzed within 72 and 10 hours respectively. 

In passing, it was observed that menthol-a-glucuronic acid™ (sodium 
salt as 0.048 mol. solution) is not attacked at all by emulsin leastwise at 
pH 4.0 and neighbouring acidities (The substrate-buffer-enzyme mixtures 
were shaken continuously during the incubation because of the insoluble- 
ness of the substrate. Duration of incubation was 72 hours.). 
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SuMMARY. 


1) Incubated with snail £-glucuronosidase, desaminochondrosin ex- 
hibited increase of reducing iodine. 

2) From a digestate of desaminochondrosin glucuronic acid was 
separated as cinchonidine salt. 

3) Emulsin could not hydrolyze menthol-a-glucuronic acid. 


Through the Grant Committee for Scientific Researches was given from 


the Education Department a grant which enabled us to accomplish this work. 
H. M. 
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Carter et al” as well as Ono” said recently that, in sphingosine, the 
amino group lies at 2-position, and according to Ono*) galactose and sphin- 
gosine combine together through the hydroxyl] at 1—C of the latter to make 
up psychosin. On the contrary, as regards the form of the glucosidic linkage 
heré, even any speculation appears not to have been published. Fortunate- 
ly Nagaoka*) could devise a mothod of separating a- and §-galactosidase of 
the liver enzyme complex of snail. The writer took advantage of this 
means for dissolution of the problem. 

From what recent investigations in this laboratory suggested, the group 
substances of lipoid nature contain psychosin in their molecule. If then, 
it is not impossible that psychosin generally exists as a- or §-galactoside 
according to the blood group of individuals.*’ Therefore in the present 
work psychosin was prepared separately from brains of persons belonging to 
different blood groups (A and B) (who had been subjected to autopsy in 
the Institute of Forensic Medicine). However, the two kinds of prepara- 
tion proved perfectly identical on the melting point test, measurement of 
optical rotation and digestion experiment with snail galactosidases. The 
digestion experiment revealed psychosin to be a f-galactoside. Moreover, 
from a digestate was isolated galactose as methylphenylhydrazone. 


EXPERIMENTAL. 


Materials and Specimens of Psychosin Sulfate. 


1. Preparation procedure. 


Crude cerebroside was prepared as follows:— 1) Human cerebra of 
two A individuals were freed from attendant blood vessels and membranes 
with a pincette and from blood by washing with physiological saline, and 
chopped. The tissue pulp obtained weighed 1900 gm. in total. It was 
placed in 5 /. of 95% alcohol and after two weeks, squeezed with a cotton 
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gauze and ground by means of a masticator and ina mortar. It was then 
boiled with 3 /. of alcohol for 2 hours under reflux and filtered, while hot, 
with suction. The bulk on the funnel was again extracted with hot alcohol 
in a similar manner, , The process was repeated furtheron until no crystal- 
line deposit came out from a filtrate on standing overnight at room tem- 
perature, and the crystals (tinged yellowish) were collected on a Biichner 
funnel, exhausted at first with ether for 48 hours in a continuous extractor 
and afterwards with three 200 cc. portions.of acetone, and finally dried in 
a desiccator. Yield, 65gm. 2) A cerebrum of B person, that amounted 
to 950 gm. after removal of adjacent: tissues and blood, gave 40 gm. of 
crude cerebroside by the same procedure. 

Those products were insoluble in water and in cold ether, acetone and 
alcohol. The positive Thudicum and Molisch reactions were given. 

To prepare psychosin sulfate the method of Klenk® was adapted to 
the materials above. At the final stage recrystallization from hot absolute 
alcohol was exerted even six times for attaining substances with constant 
melting point—non-colored, glistening crystals congregating in the form 
of cauliflower. The first batch of crude cerebroside gave 964 mgm. of the 
product (A) and the second 560 mgm. (B). These products were hygros- 
copic. 


2. Physical and chemical properties of the preparaticns of psychosin 
sulfate. 


The preparations (Preps. A and B) were insoluble in cold alcohol and 
ether and soluble in water and pyridine. Both began browning at about 
150°C and sintering at 160° and melted at 215°® under decomposition and 
their mixture behaved identically. In the results of qualitative assays, 
N-content and optical rotation there was also no discrepancy between 
them. 


Qualitative tests: 
Both of the preparations gave intensive Thudicum (for sphingosine), Molisch an 
orcinol-ferrichleride-hydrochloric acid (for sugar) reaction. Biuret and Hiyama?) 
test were negative. 
Quantitative analyses. 
The preparations left no ash on burning and lost no weight on drying at 80°C 
under reduced pressure over P.O. * 
Nitrogen (micro Kjeldahl). 
Prep. A. 8.94 mgm. substance, 0.221 mgm. NH;-N. 
CogH g7NOz-1/gH2SO,g (510). Calc., 2.8%; found, 2.5%. 
Prep. B, 9,71 mgm. substance, 0.258 mgm. NH;-N. 
CogHgz7NOz-1/,HeSO,. Calc., 2.8%; found, 2.6%. 
Optical rotation. 
In water, 





* fa & Af @ OF meee Aa ae aA 


On Psychosin 


.—0.60 x 100 
A: 10 _ = =—7.1° 
Prep ("I = 41x - 

19_ —9-23x100_- 4 4. 
Prep. B: [e}5 309x177 7.4 

In pyridine,» 

. 16_ —1.03x100 - 
Prep. A: (N= 6tca 7189 
0.90 100 
5.50 x 1 


In no case mutarotation took place. 


=—164° 


Prep. B: (al? = 


Enzymic Experiments. 
1. Preparation of the enzyme solution. 


The solution of snail liver enzyme complex was prepared on the prin- 
ciple of Utusi and others®) as follows. A portion of the stock liver porridge 
the authors employed was roughly divided by a single not-long-timed 
centrifugation (3000 r. p. m.)!® and the still turbid middle layer acidified 
to pH 4,5 with 30% acetic acid, whereby flocculent precipitates appeared. 
Centrifuged again. To the translucent brown supernatant fluid were 
added 5 volumes of 95% alcohol and the precipitates quickly centrifuged’ 
and taken up in a dilute acetic acid (pH, 4.5 and double, in volume, the 
centrifuged middle layer of the original extract). The insoluble part was 
discarded and the nearly clear yellowish-brown solution was preserved in 
a refrigerator with toluene. To all the experiments below was applied 
one and the same solution thus prepared. This will be referred to as 
‘‘ original” enzyme solution. 


2. Cleavage of the psychosin preparations by the original enzyme 
solution. 


~—~a) The a- and f-galactosidase activities of the above enzyme solu- 
tion were measured by estimating the increase of ferricyanide reduction 
‘of phenol-a-galactoside and lactose incubated with it. Here the digestion 
mixtures were composed of 

0.5 cc. of the enzyme solution diluted four times with water, 

0.5 cc. of citrate buffer solution at pH 3.0 of Sérensen, 

2 cc. of a substrate solution in water, 

and one drop of toluene. 
After incubation at 37°C the mixtures were made up to 12 cc. with water 
and subjected to the procedure of Fujita and Iwatake as Masamune’) had 
described. The results (Table I) indicated that remarkably active galac- 
tosidases were present in the solution. 

b) In the next, Preps. A and B of psychosin sulfate were incubated 
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TaBLe I, 
Cleavage of Phenol-a-galactoside and Lactose by the Original 
Snail Enzyme Solution. 

Concentration of the substrate solutions: phenol-a-galactoside, 0.0018 mol. (1 
mgm. in 2 cc.); lactose, 0.0014 mol. (1 mgm. in 2 cc.). pH’s of the incubation mix- 
tures were both 3.8, Regarding details on the composition of the mixtures see the 
text. Temp., 37°C. 





Time of Phenol-«-galactoside Lactose 


inbubation 





hour 


Increase of ferri- 
cyanide* use cc. 


Hydrolysist 


Increase of ferri- 
cyanide* use cc. 


Hydrolysis 
% 





18 





1.31 
1.72 
3.99 





17.3 
23.7 
40.9 





0.52 
0.72 
1.86 





20.8 
29.0 
74.8 


* 0.005 n. solution. 
mune and Tanabe?®), 
for the calculation. 


As to the force of galactose reducing ferricyanide, cf. Masa- 
t Ferricyanide use by liberated phenol was taken into account 


at pH 4.2!) with the enzyme complex. The preparations were found to 
undergo hydrolysis in the practically same grades as Table II illustrates. 
The composition of the incubation mixtures was similar to that in a). 


TABLE II. 


Digestion of ‘‘ A” and ‘* B”’ Psychosin Sulfate by the Original 
Snail Enzyme Solution. 


The substrate solutions were both 0.002 mol. (2 mgm. in 2 cc.). 


pH’s of the in- 


cubation mixtures, 4.2 (The buffer solution employed was that of pH 3.0 in the fore- 


going experiment (Table I)). 
Temp., 37°C, 


the text. 


Regarding details on composition of the mixtures see 





Time of 
incubation 
hour 


Psychosin sulfate A 


Psychosin sulfate B 





Increase of ferri- 
cyanide* use cc. 


Hydrolysis 
% 


Increase of ferri- 
cyanide* use ct. 


Hydrolosis 
% 





3 
6 
18 





0.12 
0.28 
0.66 


* 0.005 n. solution. 





3.4 
8.0 
18.9 





0.14 
0.26 
0.64 





4.0 
74 
18.3 


3. Separation of a- and B-galactosidase from the original enzyme 


solution. 


Since, in 2., both A and B preparations of psychosin had been digested 
by the original enzyme solution, it was tried to see if they are split by dif- 


ferent galactosidases. 


With the aim in view, a- and #-galactosidase were 
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separated on the principle of Nagaoka. Namely, 20 cc. of the original 
enzyme solution were mixed with an equal volume of Michaelis acetate 
buffer solution of pH 4.0, shaken with 4gm. of Kahlbaum kaolin for 30 
minutes and centrifuged. To the supernatant liquid were added again 
4 gm. of kaolin and shaken for the same duration of time. Centrifugation 
and treatment with kaolin of the supernatant liquid was repeated once more 
(In the last time 2 gm. of kaolin were used). After centrifugation, the 
fluid (35 cc.) separated was filtered (without suction) to remove some float- 
ing kaolin particles and acidified to pH 3.6 with a few drops of 30% acetic 
acid—ES I (8-galactosidase solution). The successive centrifugates were 
combined, washed three times with 20 cc. of the same buffer solution as 
above (The third washing was not coloured), and then agitated twice with 
40 cc. of Michaelis acetate buffer solution of pH 5.0 for 30 minutes, each time 
with subsequent centrifugation. The second yellowish eluate (37 cc.), 
which was turbid, was filtered and adjusted to pH 3.6 similar to above— 
ES II (a-galactosidase solution). 


4. Scrutiny of the enzyme solutions obtained in 3. 


a- and §-galactosidase solutions that were free from the opposite 
enzymes sufficiently for the present purpose, were found secured, although 
the separation had not been completed, as is demonstrated by the data em- 
bodied in Table III. The incubation mixtures for the examination had 
the following composition: . 

1 cc, of one of the enzyme solutions, 

2.cc. of a watery solution containing 1 mgm. of either phenol-a- 

galactoside (molarity, 0.0018) or lactose (molarity, 0.0014), 

and one drop of toluene, 
And pH’s of the mixtures were all 3.615) (No buffer was added). It is seen 
in the table that, within 6 hours at 37°C, the @-galactosidase solution (ES 
I) hardly cleft the a-galactoside, and the a-galactosidase solution (ES II) 
did not split the £-galactoside at all. 


5. Cleavability of the psychosin preparations by a- and B-galactosidase. 


With the enzyme solutions in 3. the psychosin preparations were in- 
cubated as mixed in proportions similar to those in the experiment 4. Time 
of incubation was confined to 6 hours as when the enzyme solutions were 
tested regarding the quantity of accompanying opposite galactosidases. 
Substrate solutions contained 2 mgm. of psychosin sulfate in 2 cc. (0.002 
mol.). The mixtures were of pH 4.2, which was the optimum pH for the 
scission of psychosin as will be mentioned in 6. 

Judging from the figures listed in Table IV, psychosin is hydrolyzed 
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Tasre III. 


Cleavage of Phenol-a-galactoside and Lactose by the Enzyme Solu- 
tions ES I (§-galactosidase solution) and ES II (a-galactosidase solu- 
tion) Obtained by Fractionation of the Original Solution of the 
Snail Enzyme Complex. 
2cc. of the substrate solutions contained 1 mgm. of either the a- or B-galactoside. 
Regarding details on the composition of the incubation mixtures cf. the text. pH’s 
of the mixtures were 3.6. Temp., 37°C, 


a en ay sol. | ES I (f-galactosidase sol.) | ES II («-galactosidase sol.) 
seaatiee 


XO Subst. | 








Phenol-a- Phenol-«- 5 atteme 


\ > | galactoside Lactose | __galactoside 





Incr. of 


ee i ide* 
5 & ferricyanide 
ce. 


Time of 
incubation 
hour 


use cc, 
Incr. of 
ferricyanide* 
use cc, 
Hydrolysis % 
Incr. of 
ferricyanide* 
use cc, 
Hydrolysis 2% 
Incr. of 
ferricyanide* 
use 
Hydrolysis % 


Hydrolysis 2% 





Oo 
ee 
i) 
rs 
& 
no > 
© we 


























S 
8 
> 
RS 


* 0.005 n. solution. 


by the 8-galactosidase irrespective whether its source is the brain of Group 
A individuals or that of Group B individuals and to similar degrees at that. 
The psychosin products were not attacked practically by the a-galactosidase. 
This behaviour towards the enzyme is justified, together with their physical 
and chemical properties, to argue for their identity, demonstrating, in 
addition, that psychosin is a §-galactoside. 


6. Separation of liberated galactose from a digestate of psychosin. 


This attempt was made to further affirm the psychosin hydrolysis by 
the snail enzyme. As a preparatory experiment the optimum pH for 
the digestion was determined. To | cc. of a solution containing 2 mgm. of 
psychosin sulfate (Preps. A and B of psychosin sulfate gave resembling 
sequels here again. The figures in Table V are those obtained with the 
latter preparation) 1 cc. of the original enzyme solution diluted four times 
(with water) was added and the mixtures were adjusted to various pH’s 
by means of 0.1n. CH,;COOH or 0.1 n. NaOH and filled up to 7 cc. with 
water... These incubation mixtures were stood for 6 hours in a thermostat 
at 37°C and after neutralizmg CH;COOH or NaOH, that had been added 
previously, with 0.1 n. NaOH or 0.1 n. CH,COOH, made up to 12 cc. 
with water for estimating the digestion extents by the ferricyanide method. 
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* Taste IV 


Digestion of Preps. A and B of Psychosin Sulfate by a- and f- 
Galactosidase Solutions. 


Composition of the incubation mixtures (pH, 4.2): 2 cc. of a 0.002 mol. substrate 
solution+ I cc. of an enzyme solution+'l drop of toluene. Incub. temp., 37°C. 


gg Sa 
— Saal Enzyme sol. ES I (8-galactosidase sol.) | ES II («galactosidase sol.) 
es [Flamee 








\ ; ~~ Substrate 


Psychosin | Psychosin 


Psa ) sulfate A 


sulfate B 





Hydrolysis 
% 


Time 
of incubation 


hour \ 


1 2.3 
3 4.9 | 0.16 
6 8.0 | 0.30 


Incr. of 
ferricyanide* 
Hydrolysis 
2% 

Incr. of 
ferricyanide* 
Hydrolysis 
20 
Incr. of 
ferricyanide* 
use cc. 
Incr. of 
ferricyanide* 
use ce. 





—) 
8 
° 
= 


ote 
r=2) 
o° 
o © 




















ee: 


0.3 
* 0.005 n. solution. 


TABLE V 
The Cleavage of Psychosin at Various pH’s by Snail Enzyme. 


As to the composition of the incubation mixtures cf. the text. Temp., 37°C. Time 
of incub., 6 hours. 





Quantity (cc.) req. to adjust | 
pH of the mixtures Increase of 


pH of incubation ferricyanide* use 
cc. 





0.1 n. / 0.1 n. 
| CH,COOH NaOH 





0.12 
0.16 
0.23 
0.22 
0.19 
0.12 
0.10 
0.08 


* 0.005 n. solution. 


The maximum cleavage of the substance took place at pH 4.2 (Table V). 
Followingly, 200 mgm. lots of psychosin sulfate (Prep. B was used) in 
50 cc. of water and an equal volume of the original enzyme solution were 
mixed together, and after addition of 30% acetic acid (about 14 ¢c.) to 
pH 4.6'© and of water up to 150 cc., stood with 10.cc. of toluene at 37°, 
shaking occasionally. The digestion proceeded as below (A 0.5cc. portion 
of the mixture was taken out from time to time for the determination.) 
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Time of incubation pH of the mixture Hydrolysis 
(hour) % 
3 4.6 3.4 
6 I 9.4 
12 4.5 13.7 
24 = 18.9 
242 4.3 33.4 
24x 3 4.2 44.6 
24x 4 * . 52.5 
24x5 = 51.6 


After five days, the incubation was interrupted and the digestate (145 cc.) 
filtered in order to remove from floating precipitates. The yellowish filt- 
rate was shaken thoroughly with ether (three 100 cc. portions) (pH at this 
stage, 4.6) and distilled in vacuo to about 10 cc. The condensate (pH, 4.6) 
was precipitated with 50 cc. of 95% alcohol. The precipitates were cen- 
trifuged and washed with 5 cc. of 90% alcohol and thereafter the super- 
natant fluid (light yellowish) and washing of the centrifugate were united 
and condensed as above to about 3cc. The remaining turbid solution 
was transferred through a filter to a small vessel quantitatively with water 
(the combined liquids were 5 cc.) and subjected to the procedure of Liidtke?” 
to isolate galactose as methylphenylhydrazone. The crystals with silver 
luster coming out from the reaction mixture were collected on a suction 
funnel and washed with cold 95% alcohol—25 mgm. They were re- 
crystallized twice from hot 90% alcohol (5 and 3 cc.)—18 mgm. After the 
first recrystallization, the substance exhibited constant melting point of 


190°. No depression was shown by the mixed melting point test. No ash 
was left on burning it. Its pyridine solution (11.2 mgm. substance was 
dissolved in pyridine and made up to | cc. with the same solvent) possessed 
no optical rotation. 


N (Friedrich). 
6.63 mgm. substance, 0.665 mgm. NH;-N. 
CeH,gOsNN(CHs)CyHs. Calc., 9.86%; found, 10.03%. 

As a control run, 50 cc. of the enzyme solution were boiled for one 
minute (protein coagplation occurred and the pH of the solution was moved 
thereby to 5.0) and, when cold, mixed with the substrate, and acetic acid 
and water added to prepare a mixture similar to the above. And in- 
cubation and following operations in the main run were made. But no 
deposit, even if amorphous, was given from the mixture according to 
Liidtke. 


Thanks are due to Prof. T. Murakami, Director of the Institute of Forensic 
Medicine, for the brain materials and to the Grant Committee for Scientific 
Researches of the Education Department for a grant to defray the costs of this 
work, 
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The active principles contained in the suprarenal medulla and those in 
the blood outflowing therefrom cannot be taken nowadays simply to be in- 
dicated by a sole hormone, i.e. the adrenaline or the epinephrine; the 
matter at issue seems complicated. - 

Various methods of estimation, both chemical and biological which 
are commonly used for adrenaline, have been applied, and the suprarenal 
medulla of various kinds of animals and the suprarenal vein blood thereof 
and finally those in various states of animals have been examined. 

Taking all the results together, we have come to the above mentioned 
view. It is needless to add here, that the discovery of nor-adrenaline, etc. is 
an approach to this problem from another direction. 

The study will be now supplemented by the results of experiments in 
which the chemical methods of Stuber and others, and of Shaw, besides 
the Suto-Kojima, the Folin and the rabbit intestine segment method, which 
have been used commonly in this laboratory, i.e. in the above mentioned 
researches, were newly applied to the suprarenal extract of cattle, horse, 
dogs and rabbits. 

The method of Stuber, Russmann and Proebsting” is one of the reac- 
tion with mercuric chloride, that is, a modification of Comessatti like the 
Suto-Kojima method,” but the authors claimed its very high sensibility 
as 1: 100 millions. 


In practizing the Stuber method, I made use of Kojima’s colorimeter for 
Suto’s test with satisfactory results. And the reagents were added orderly in 
the quantities of 0.1 cc. sulphanilic acid, 0.3 cc, potassium iodate and 0.1 cc. 
mercuric chloride to 4 cc. of an unknown solution aud the standard adrenaline 
solution, taken in Kojima’s colorimeter tubes, and heated for two minutes in 
a boiling water bath simultaneously. Twenty minutes later the volume in each 
tube was made up to 4.5 cc. with distilled water, and carried out the matching 
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in the comparison box. The control experiment consisting of mixing the re- 
agents themselves, then adding distilled water to 4.5 cc. and lastly boiling the 
mixture showed no coloration at all, on several trials. (See Barker et al.)® 

As the standard solution 4.0 ec. of 1.000 times diluted solution of adrenaline 
chloride of Sankyo Co., viz 1: 1 000,000 was taken, and the matching was carried 
out in the same manner as Kojima. 

The optinum concentration for this test is 0.003-0.000 5 mg. per cc., and 
probable error is less than +5%; if the quantity of adrenaline be less than 
0.000 5 mg per cc., the error is about 10% or more. In the case of the Suto- 
Kojima method they are 0.005 mg. in 1 cc. and +2% respectively.*) Stuber et 
al claim too high sensibility for their method. 


The method of Shaw, which depends on the fact that adrenaline re- 
duces arsenomolybdic acid with the formation of a blue color, and gave in 
his hands results agreeing with biological estimates when applied to sup- 
rarenal extracts, was here carried out generally according to his descrip- 
tion.®) 


The colorimeter of Kojima was also used here, the smallest concentration 
determinable thereby is 0.000 05 mg per cc. The standard solution, 0.000 5 mg 
per cc. was prepared from adrenaline chloride of Sankyo Co., which is always 
first assayed by the Folin as usual. As a rule, I tried to estimate the amount of 
adrenaline exactly by practising the test as follows: At first I estimate it as an 
unknown solution in the manner commonly done, and read of approximately 
the amount of adrenaline from the curve, and then an accurate comparison 
was further carried out with the adrenaline chloride solution with the nearest 
color tone as the control. The variation of adrenaline solution in a total quantity 
of 0.001 mg. per cc. is about +10%. 


I 


In the beginning the Stuber method was applied to the bovine sup- 
rarenal medulla, with parallel estimation by the Suto-Kojima, the Folin 
and the rabbit intestine segment methods. 


The glands were taken out soon after the slaughter of the animal. ‘The 
medullary substance was dissected from the cortex and divided into “ identically 
the same material”? by means of liquid nitrogen. Some specimens of the 
material, weighing usually 0.15-0.35 g., were extracted according to Folin’s 
procedure® and transferred into weighing flasks, making it up to 50 cc. as a total 
volume of extract. 

In applying the Suto method to the Folin extract the procedure of Ooisi” 
was used. In order to apply the Stuber to the Folin extract; the pH was altered 
for about 6.6-6.8 by adding N NaOH, the test paper of hydrogen ion of Toyo 
Co. being used. Without this precaution the Stuber reagents give yellowish 
tone in itscoloration. In practising the Stuber method the extracts were diluted 
again 30 times and for the intestine method usually 50 times. 
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TaBLeE I. 


Adrenaline Content in the Bovine Suprarenal Medullary 
Tissue, Estimated by the Folin, the Suto, the 
Stuber and the Rabbit Intestine Segment. 





Adrenaline content (mg. per g.) 





Folin’s extract 





Suto Stuber 





10.6 11.8 
11.1 12.7 17.0 
10.8 11.9 


10.0 

9.7 14.5 
10.0 18.0 
10.2 20.0 


10.7 

98 15.2 
10.8 22.3 
11.1 


11.7 
11.5 20.3 
12.6 21.2 
12.8 22.9 


10.5. 
10.5 17,2 
. 11.6 16.7 
11.3 12.1 20.1 


115 13.3 23,3 
8.3 9.7 14.5 
10.1 11.2 18.8 


PE ce en ee | 


fF 
F 

















The data are given in Table I. The adrenaline content was 10.5 mg 
(8.4-11.8 mg) per g of medullary tissue by the Folin, 10.1 mg (8.3-11.5 mg) 
per g by the Suto, 11.2 mg (9.7—13.3 mg) per g by the Stuber and 18.8 mg 
(14.5-23.3 mg) per g by the rabbit intestine. 

Two chemical methods, the Folin and the Suto gave quite the same 
values generally, while the Stuber method gave a little greater value. When 
they were compared case to case, the Stuber method was found to give 
either a same value or a little greater than the Suto, while both methods are 
similarly the reaction with mercuric chloride. 

The value of adrenaline obtainable by the rabbit intestine segment 
method was greater than those by the chemical methods, roughly said by 
about sixty to seventy per cent. 

The present values by the chemical methods, the Folin and the Suto, 
and the rabbit intestine segment well coincide with those reported by Hata- 
no,*) while the other previous experiments in this laboratory” yielded a 
littlesmaller ones. But the ratios, which exist between the values obtainable 
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by various methods of assaying, here employed, are quite the same among 
them all. 


II, 


Of “identically the same material” of the suprarenal medullary tissue 
or the suprarenal tissue, prepared in the manner above briefly said, two 
specimens were taken for extraction by means of Folin’s procedure and of 
Shaw’s as well 


In the case of Shaw, soon after weighing the pulverized tissue, 10% tri- 
chloroacetic acid, just 3 times as much as the weighed tissue, was poured into 
the weighing bottle, then the tissue suspension was transferred into a mortar, the 
same amount of distilled water being used for washing, and ground thoroughly. 

Of the two acidified extracts thus made, except that used for the Shaw’s 
test, their pH was altered for about 6.6 with N NaOH. In practising the 
Stuber, the Shaw and the intestine method extracts were again diluted by the 
distilled water as large as 50 times. In applying the Suto method to the Shaw 
extract Ooisi’s procedure was relied on. 


The suprarenals of 5 cattle and 4 hourses, killed in the city slaughter 
house were prepared in the manner described in the above chapter and 
** identically. the same material”’ of the medullary tissue was extracted 
partly by the Folin method and partly by the Shaw method. 

Of dogs, three individuals were killed by blows on the neck, and the 
glands were taken out immediately, a fourth dog was killed by the bleed- 
ing, and a fifth dog was sacrificed after diverse manipulation, as morphine 
administration, blood and Tyrode transfusion and finally bleeding. The 
medullary tissue of the pair glands, which was separated cautiously from 
the cortex by means of liquid nitrogen, was taken together and extracted 
according to Shaw. 

Rabbits were also experimented on; a certain number of rabbits were 
killed by a blow on the neck one after another, and the glands were remov- 
ed. And the glands of the same side were put together and treated by 
means of liquid nitregen. No separation of the medulla and the cortex 
was carried out. A portion of the material was extracted by Folin’s pro- 
cedure, another by Shaw’s and the remainder by Suto’s. The material 
was not enough to apply the Suto method of estimation to the extract of 
Folin or Shaw. 

The data are displayed in Tables II-V. 

At first it may be said that whether the extraction is made according 
to Folin or Shaw has no bearing at all upon the values determinable by the 
chemical methods, such as the Folin, the Suto, the Stuber or the Shaw, and 
the rabbit intestine method. The comparison was made of the bovine 
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Taste II. 
Bovine Suprarenal Medulla (VI-VII 1940) 





Adrenaline content (mg. per g. tissue) 





Folin’s extract Shaw’s extract 





Rabbit Rabbit 
intestine Stuber intestine 


Stuber | Shaw 





10.3 , 11.4 9.5 \ 10.6 . 11.9 

88 . 9.6 9.1 : 9.9 . 11.4 
10.6 . 15.0 10.3 . 10.9 r 19.9 
10.2 I 11.7 10.0 10.1 I 15.0 
11.0 J 19.0 10.1 10.7 \ 18.6 

8.9 . 18.8 9.2 . 9.2 J 18.7 
11.1 . 17.5 10.9 . 11.9 d 18.1 
11.4 : 19.5 10.5 . 11.6 18.7 
12.6 . 17.1 12.6 10.9 . 15.5 
11.6 J 18.8 13.2 12.5 . 18.8 


12.6 , 19.5 13.2 12.5 d 19.9 
8.8 . 9.6 9.1 . 9.2 I 11.4 
10.7 15.8 10.5 10.8 J 16.7 
































Taste III. 
Horse Suprarenal Medulla (X-XI 1940) 





Adrenaline content (mg. per g. tissue) 





Folin’s extract Shaw’s extract 





Rabbit Rabbit 
Stuber | Shaw| -"2000 Stuber | Shaw | intestine 








11.1 10.5 13.9 . 10.5 . 13.6 
10.9 9.4 14.7 ‘ ‘ 11.0 I 14.0 
13.1 10.5 19.2 . : 10.9 15.6 
118 9.8 16.7 ‘ , 12.5 18.1 
11.4 | 106 16.2 . d 12.6 d 16.1 
10.1 9.6 16.7 \ 10.7 ! 13.1 
12.0 | 114 13.2 . . 11.8 . 13.0 
11.4 10.8 12.2 12.0 ‘ 11.3 13.8 


13.1 11.4 19.2 13.1 ‘ 11.4 18.1 
10.1 94 12.2 10.5 8.8 13.0 
115 | 103 15.4 11.6 11.5 | 10.2 14.7 
































and horse medullary tissue and of the rabbit suprarena! tieessue (Tables II, 
III and V.) 

Be roughly spoken: Of the medullary tissue, of various kinds of animals, 
cattle, horse and dog, the adrenaline is estimated contained in 10 mg. per 
g. tissue by means of all the chemical methods and 15 mg. by the rabbit 
intestine segment method. Such a decision is however too preformative. 

If one compare the numerals of the bovine suprarenal medulla, loaded 
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TABLE IV. 
Dog Suprarenal Medulla (XI 1940) 





Medulla Adrenaline content 
No. of | Supra-| taken (mg. per g. medulla) icicles 
animal |renal (g) rs 1) Suto | Stuber | Shaw |Rab. intes. 








0.72 | 0.0945 10.5 10.1 78 15.9 Blow on the neck. 
0.78 
0.48 | 0.0740 q 10.7 10.8 8.6 18.2 Same. 
0.52 
0.5 | 0.0867 . 9.4 9.5 7.7 . Same. 
0.47 
0.53 | 0.0844 . 9.4 9.7 78 . Bleeding (300 cc.) for 
0.55 7 min. 5 min. later 
glands removed. 


0.67} 0.0905 | 86 | 7.7 78 6.8 13.3 Morphine, defibr. 
blood & Tyrode tra- 
nsfused. Bleeding. 


— oe ee Oe 


a 


Mean | of four | 10.7 | 10.0 | 10-1 8.0 16.4 


Cases 


























in Table II, for instance, he can point out without difficulty that the values 
achieved by the five methods of estimation for each sample have certain 
definite ratios, and exceptional cases are very few, notwithstanding of small- 
ness of the difference in the ratios, as 9.9% Suto, 10.1% Shaw, 10.2% 
Folin, 10.7% Stuber. 

Such a figures will be discussed here further. Of the bovine medullary 
tissue the Suto gives the smallest value (9.9% for Folin’s extract, 10.0% 
for Shaw), the Shaw (10.1% & 10.4%) and the Folin (10.2% & 10.5%) in- 
termediate values and the Stuber the highest (10.7% & 10.8%). Of the 
horse medullary tissue the Suto and the Shaw the same and smaller values 
(10.4% & 10.3%; 10.3% & 10.2%) and the Folin and the Stuber on the 
other hand the same and larger estimates (11.8% & 11.6%; 11.5% & 
11.5%). The rabbit intestine segment method gives 16% for the bovine 
medullary tissue and 15% for the horse tissue. 

Next, the data from the dog medullary tissue will be presented; five 
dogs were experimented on, but Dog 5, which suffered from morphine 
injection, blood and saline transfusion and eventually died of bleeding, 
was found to have the glands with smaller amount of adrenaline. Al- 
though the ratios of the adrenaline determin ed by these methods are quite 
the same with the other cases, the values are omitted from getting an aver- 
age. 

For the medullary tissue of dogs the Shaw method gives the smallest 
value (8.0%), the Suto and the Stuber give a value, larger than the Shaw 
by 25%, i.e. (10%), and the Folin the highest (10.7%). The rabbit intes- 
tine segment method gives 16%. 
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TABLE V. 
Rabbit Suprarenal Glands. 





Adrenaline content (mg. per g.) 


| 
| 
Weight | Shaw’s extract 
cra , (g) | 
|Folin| Stuber | Shaw 





Suto’s extract 





| 
l | 
| Rab. ‘ | Suto 


| intes 





0.148 145 | 0.42 0.37 0.43 
0.258 | 1.41 | 0.49 0.47 0.44 
0.260 | 1.16 | 0.48 0.44 0.39 


a . VI. 0.122 | 2.54 | 140 | 1.20 | 119 
r—-1 | 0.200 | 1.08 | 046 | 040 | 0.47 

a r—1 | 0.137 | 1.13 | 056 | 0.56 | 0.55 
— .X. | x4 | 0.518 | 1.24] 061 | 049 | 0.56 


1x3 0.327 | 1.38 | 0.45 0.41 0.43 
1x3 0.395 | 1.10 | 0.79 0.73 0.75 
rx4 0.270 | 1.17 | 0.32 0.28 0.26 






























































ilues 6. xI.| rx4 | 0310 | 159! 091 | 043 | 0.49 
ony 9. xI.| rx3 | 0365 | 1.24] 056 | 046 | 0.44 
nali- ’ 
2%, Glands Washt, 3.31 ¢ 
Mean | 1.41 | 0.50 | 0.51 
lary 
0% 
) in- . 
the Adrenaline content (mg. per g.) 
ilues Weight Folin’s extract Suto’s extract 
. the , (s) Rab 
y, & Stuber | Shaw in ont Suto 
>! a 
vine . VIL 0.115 0.58 | 043 | 0.32 
0.126 0.55 | 037 | 0.30 
five 0.095 | 2. 1.06 | 096 | 092 
hine 0.113 098 | 086 | 0.77 
ling, rx4 | 0.473 0.66 | 056 | 061 
Al- rx3 | 0.335 0.46 0.37 0.38 
juite 4 rx3 0.367 0.77 0.71 0.67 
\ver- Ix2 | 0.251 041 | 038 | 0.30 
6. XI. | 1x4 | 0.325 0.70 | 033 | 0.37 
Hest 9. XI. | 1x3 | 0.377 | 1. 064 | 554 | 0.53 
haw Glands Number 23 


Weight 2.477 g 
hntes- Mean 0.65 | 0.52 | 0.50 
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These ratios, Suto: Folin: Intestine are 1: 1.1: 1.6 are also applicable not 
only to Dog 5, in which some other experiments were conducted, as above 
stated, but also to the cases where the glands were treated in toto after having» 
been carried out some major experiments. 


In the hands of Shaw, the Shaw method and the cat blood pressure method 
yielded similar content of adrenaline for a dog suprarenal.® 


Sometimes rabbit suprarenals were treated two to four glands to- 
gether, and the average values are computed on the base of the weight of the 
total mass utilized. The figures of the average, reckoned as usual from the 
number of experiments, do not much differ from the above mentioned, 
because the number of experiments was not small. ; 

Whether the extraction is done according to Folin or to Shaw does 
not influence the values obtained by various methods of assay. 

As to be anticipated, the Folin gave an extraordinarily large value 
of adrenaline in the case of rabbits, i.e. 1.41% for Shaw extract and 1.40% 
for Folin extract, over twice as large as the other estimations. It is due to 
existence of another Folin positive substance in the cortex. 

While the Suto method and the Stuber method gave the values, similar 
each other, namely 0.6—0.65 %, the Shaw method yielded a definitely small- 
er value, as 0.5%. This figure given by Shaw is a definately smaller value 
than that by the other methods here utilized, and is already above noticed 
for the dog suprarenals. 

That rabbit’s suprarenals involve an extraordinarily small value of the 
substance which acts to inhibit the rabbit intestine movement and tone is 
the fact already presented. As a matter of course the fact was here dup- 
licated and the value 0.5% just coincides with that obtained by the method 
of Shaw; whether it is only by chance or not is open to question. Only it 
will recall us that Shaw noted that both his method and the cat blood 
pressure method give practically identifical values for rabbit’s suprarenals 
too. They (4 cases) are 0.150-1.32% by the biological test and 0.160- 
1.500% by the chemical. In the present investigation, the Shaw method 
gave 0.28-1.2% for 11 experiments with the Shaw extract. It should be 
noted by way of precaution that the present writer used the rabbit intestine 
segment method whereas Shaw relied on the cat blood pressure method. 


SUMMARY. 


The whole figure of the present data will be given as a whole once in the 
tabular form, Tab. VI, and again briefly in the following paragraphs. 

The medulla of cattle, horses and dogs involves the adrenaline, de- 
terminable by the chemical methods, as the Folin, the Suto, the Stuber 
and the Shaw, in about 1% of tissue and that by the rabbit intestine seg- 
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Tasre. IV. 
Summary Table. 


Adrenaline Content in the Suprarenal Tissue of Various Kinds of Animals, Estimated by Various 
Kinds of Methods. 





Rabbit Stuber Folin 


intestine 








172 11% 








Rabbit 


; Folin 
intestine 








Medulla 15% 12% 





Dogs Rabbit Folin Stuber 


intestine 





= 


Medulla 2 10% 9.59% 








, Rabbit 
Rabbit Stuber aaealide 





~ 


Whole gland 0.6% 0.52 











ment method in about 1.5%. But, exactly examined, the values obtained 
by these chemical methods not only do not check with each other, but there 
are also definite differences not negligible. And they are different accord- 
ing to the animal species, as readily seen in the summary table. 


On the whole, while the Suto method yields commonly the smallest 
amount of adrenaline, or always a smaller amount than the Folin, the 
Stuber and the rabbit intestine segment, the Shaw method gives to the 
bovine and horse suprarenal medullary tissue a similar value to the Suto, 
but to the dog medullarly tissue and rabbit suprarenal a definitely smaller 
one than the Suto method. Notwithstanding that the Suto method and the 
Stuber are similarly the reaction with mercuric chloride, and they give 
quite the same amount of adrenaline to the dog’s suprarenal medulla and 
to the rabbit suprarenals, they give on the other hand dissimilar value for 
the bovine and horse medullary tissues, such as 11% by the Stuber and 
10% by the Suto for the bovine tissue and 11.5% by the Stuber and 10.5% 
by the Suto for the horse tissue. 

Briefly recapitulated: The methods of Stuber e¢ al and of Shaw have 
been further added in solving the problem how the active principles in the 
suprarenal medulla, which acts as adrenaline or epinephrine, both physio- 
logically and chemically, are to be appreciated duly. They gave us then 
further evidences for our conviction that it is not legitimate to assume 
only an active principle such as the adrenaline or epinephrine exists solely 
there, but the matter is of much complex nature. 
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Of the suprarenal vein blood of dogs under ether narcosis, which was 
collected from the cava pocket, the epinephrine was estimated by the 
colorimetrical technic of Shaw,” and by the rabbit intestine segment method 
in parallel. What reasults the Shaw method will give for the amount 
of epinephrine in the suprarenal medullary tissue of various kinds of animals 
is given in the foregoing paper with the parallel investigations with other 
chemical and biological methods of estimating the epinephrine.® 

A portion of the blood taken within 60 seconds from the cava pocket 
was pipetted soon into the double volume of 10% trichloroacetic acid and 
was mingled thoroughly. .The remaining portion was used for the in- 
testine method. 

In some cases (Exps. 1, 4, 5 & 6) the narcosis was light and in others 
deep. The venous blood sample was taken by means of an injection syringe 
just before the vena cava in preparing the pocket, while the arterial blood 
from the abdominal aorta by a puncture after the last collection of cava 
pocket samples. Only in Exp. 6, the indifferent blood was taken from a 
femoral artery under a local novocain anesthesia before taking the first 
pocket sample and after the last. 

The cava pocket samples involved 0.0005-0.0025 mg. epinephrine 
determinable by the rabbit intestine segment method, in] cc.blood. The 
figures are within the limits of the so-called “ spontaneous liberation”’ of 
dogs, under the experimental conditions as the present.*? 

And the Shaw technic gave, roughly speaking, quite a similar figures 
as the rabbit intestine method, to our surprise; we say “‘surprise,’’ because 
the latter method gives the value about as double as the former one in the 
case of the medullary tissue of the same species of animals, viz. of the dog. 
This fact reminds us, however, of the relation existing of the value of epine- 
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TaBie I. 
Epinephrine Content of the Suprarenal Vein Blood, Aortic Blood and 
Vein Blood of Dogs, Determined by the Colorimetric Test of 
Shaw, and the Rabbit Intestine Segment Method. 





Blood flow (cc.) Epinephrine content (mg. per cc.) 
No. of BE Pueny 
specimen 








. Proportion of 
per per — wl Shaw increase due to 
animal = alkali 





0.0005 0.00064 
0.0015 0.00174 
0.002 0.00246 
0.0025 0.00292 

. 0.00024 


0.00079 
0.00102 
0.00124 
0.00116 
0.00032 
0,00014 


0.00065 
0.00164 
0.00092 
0.00136 
0.00037 
0.00022 


0.00081 
0.00164 
0.00192 
0.00026 
0.00018 


0.00124 
0.00172 
0.00164 
0.0014 
0.0002 


0.00018 
. . * 0.00184 
0.47 ; 0.00212 
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phrine between the cava pocket blood and the suprarenal gland of rabbits, 
but not of dogs.* 

More exactly compared; The values yielded by the two methods do 
not differ ¢ach other a whit in Exp. 5, the epinephrine-Shaw is larger 
than Ep-Entero by twenty per cent in Exps. 1 & 6, by sixty per cent in 
Exp. 4, and by one hundred per cent in Exps. 2 & 3. 

It should be also noticed that all the bloods from the suprarenal glands 
are qualified to give the specific test for the Shaw method, i.e. the increase 
of color due to alkali in the ratios of 2-5, while the general blood specimens 
gave ratios of 1-1.5 only. The indifferent blood gave on the other hand 
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no or almost no reaction against the rabbit intestine segment, which checks 
well with the above given finding of the color increase. And the general 
blood gave the Shaw test small values such as 0.0002 mg. per cc., according 
to the Shaw the tissues in general contain substances other than the epine- 
phrine which gives a positive reaction to the test too, in an amount less than 
0.0001 mg. per cc. If it be taken as 0.0002 mg. tentatively the figures 
of Exps. 1 & 6, given by both procedures, also coincide well with each 
other. 


The carotid blood from pigeons,® anesthetized, and the arm vein blood 
of the patients suffering from shizophrenia® contains 0.0066 mg. epinephrine 
per cc. and 0-0.002 mg per cc. respectively. The assay was done according to 
Shaw. 


SUMMARY. 


The colorimetrical method of Shaw of estimating adrenaline (or epine- 
phrine) gives to the venous blood from the suprarenal gland in the dog 
(anesthetized with ether) a similar or somewhat larger amount of epine- 
phrine (1-2 times), compared with the rabbit intestine segment method, 
while the relation is quite reverse in the case with the suprarenalmedullary 
tissue of the same species of animal. The amount of epinephrine deter- 
minable there by the intestine segment method doubles that of the Shaw 
test. 
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Electro (encephalo) graphic studies of convulsion induced by cardiazol 
injection have hitherto given significant meanings in explanation of the 
cerebral mechanism for convulsion phenomenon and improvement of psychic 
condition.*)19)14) We also had once investigated electrographic changes 
during cardiazol convulsion in man.'® Those results, however, had 
bases upon the data obtained by means of the indirect recording method 
via the scalp. Now, those changes by the direct recording from the exposed 
human brain have come under investigation. Though such investiga- 
tions have already been made by Férster and Altenburger,*’ Meyers!” and, 
recently, Jasper,®) the changes correlated with the total course of convul- 
sion which is experimentally induced by cardiazol, are yet not reported. 
The purpose of this report is consisted from 1) an inquiring cf the relation- 
ship between the cortical pattern and the subcortical one and 2) a com- 
parison of differences between electrographic changes recorded via the 
scalp, viz. the routine EEG, and the changes of the cortical discharge. 
Some comments on the cerebral mechanism for convulsion are also added. 


EXPERIMENTAL. 


Methods. 


The electrographic procedure and the technique were the same with 
those in the authors’ former report!) described on the EEG immediately 
recorded from the exposed brain in man. Electrode-holder designed by 
the author!”) was employed for fixing of electrodes. As lead wire from 
electrode to amplifier, a fine flexible one consisted from three copper wires 
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(0.05 mm. in diameter) was used in order to prevent influences from move- 
ments of the body. The recording without influences from alternating 
current during injection was possible by a putting gum gloves on the hands 
of the nurse who manipulated injection. Mainly, unipolar fashion with 
attachment of reference electrode on the ear-lobe was employed. Dif- 
ferent electrodes were put on the motor cortex and also, vertically inserted 
until 4 cm. in depth into the motor region through the trephined hole of 
the cranial bone. All of the subjects were adults, consisting of four cases 
of schizophrenia, one of epilepsy and one of general paresis. 


Electrographic Changes. 


1. Preconvulsive stadium (cf. Figs. 1 and 2). 


This stadium may electrographically be devided into 4 stages. The 
first stage, beginning of injection, shows a momentary suppression of the 
cortical pattern. In the second stage, or in the latter half part of injection, 
occasionally after ending of injection, there appear sporadically delta-waves 
and also occurs an increase of amplitude. In the third stage which cor- 
responds with the period of outburst of conscious disturbance, an abrupt 
outburst of spike-formed waves of high potential, occasionally accompanied 
by sequence of ca. 3 per second waves, appears. The fourth stage, or 
the stadium of initial muscle twitching, shows irregular pattern. Though 
the changes above described are those concerning with the cortical dis- 
charge, then, how changes the subcortical pattern? Electrographic dis- 
turbances are in general not so remarkable than those in corticogram. 
The differences between the first and the second stages are not recognizable. 
In the third stage, the subcortical pattern changes significantly, as well as 
the cortical pattern, but there is almost no synchronization in both pat- 
terns, tending to activate rather independently. It was worthy to notice 
that the cortical change in the third stage did not always occur simultane- 
ously with the subcortical one as in Fig. 2. 


2. Convulsive stadium (cf. Figs. 1 and 2). 


This stadium may be consisted from 4 stages. In the first stage, 
simultaneously with an outburst of the tonic, to be more precise, the tetanic 
phase, a burst of spike-formed waves of ca. 10 per second occurs, repre- 
senting a sort of damped-vibration, gradually increasing amplitude until 
2 milli-volts (cf. Fig. 9). At the point of its maximal oscillation, the ele- 
mental wave turns polyphasic and dominates fast wave component; viz. 
the second stage. Merged into the clonic convulsive stage, those fast waves 
begin to form themselves into group ;viz. the third stage. And, those 
groups of fast waves become gradually to a slow tempo until they cease to 
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Fig. 1. A sample of electrograms in case of convulsive response. The upper trace 
is the cortical pattern and the under, the subcortical pattern. Both patterns were re- 
corded by means of bipolar fashion with concentric electrode from the motor region. 
All records are in succession. (Owing to an occurrence of bleeding through the tube of 
needle which was earthed, the subcortical pattern in the tetanic phase seemed become 
almost no potential.) 
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Fig. 2. A sample of corticogram (the upper trace) and th 
under trace) during injection (1) and from beginning of cdnvulsion to the end of tonic 
phase (2-4). Both patterns were recorded by means of unipolar fashion with attachment 
of reference electrode on the ear-lobe. Arrow indicates an onset of disturbance in 
conscious condition. (2, 3 and 4 are to be continued without interval.) 
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activate abruptly; viz. the fourth stage. Though the subcortical change 
corresponds in general with the cortical one, there are also some differences 
as follows: 1) an intensity for building up of the damped-vibration is 
not so strong and 2) a tendensy to synchronize with the cortical pattern is 
not so significant, particularly in the latter half part of the tetanic phase. 


3. Postconvulsive stadium (cf. Figs. 3 and 4). 


Fig. 3. A sample of corticogram from the motor region (the upper trace) and the 
subcortical pattern (the under trace) in the postconvulsive stadium, which were recorded 
by bipolar fashion. 1: 2 min. after ending of convulsion; 2: 4 min. after; 3: 6 min. 
after; 4:9 min. after; 5: 12 min. after; 6: 15 min. after; 7: 16 min. after; 8: 45 min. 
after. 


Immediately after cessation of convulsion, or in the first stage, the 
cortical pattern stops its activation. When the intensity of convulsion is 
so strong, the subcortical pattern, too, becomes almost flat. Then, in the 
second stage which corresponds clinically with delirium state, those silent 
sequences shift into irregular ones, superimposing fast, small waves on the 
large, slow rhythm. Such superimposed waves are dominant in the sub- 
cortical pattern. In the third stage ought to be said as sleeping state, 
sequence of large delta-waves of high potential, such as 3 or 6 per second, 
appears, though the subcortical pattern tends yet to involve many beta- 
waves. If conscious condition became clear, high potential alpha-waves 
tend to appear sporadically, particularly in corticogram; viz. the fourth 





stage. After recovering from unconscious- 
ness, or in the fifth stage, those abnormal 
patterns disappear. gradually and those 
rhythms take normal activating course 
again. This recovering from abnormal 
state is scarcely taken place in the sub- 
cortical pattern, such as until one or two 
hours after ending of convulsion (cf. Fig. 4 
and Table I). 


4. Abortive convulsion or nonconvul- 
sive response, 

How are electrical pictures in cases 
of abortive convulsion or nonconvulsive 
response? Fig. 5 indicates a sample of 
electrograms in such acase. After ending 


. 


Fig. 4. A sample of the cortical 
(the upper trace) and the subcortica 
(the under trace) patterns in the 
post-convulsive stadium, which were 
recorded by means of bipolar fashion 
with concentric electrodes. A: 15 
min. after cessation of convulsion; 


of injection and simultaneously with an B: 30 min. after. 

occurrence of transient momentary muscle twitching with loss of cons- 
ciousness, which resembles with petit mal seizure, corticogram changes 
usually into significant discharge pattern of high potential wave of ca. 6 
per second, lasting for relatively longer period, non the less, the subcortical 
pattern does not show any remarkable change, excepting of a little increas- 
ing of rhythm or potential. In other cases, some resemblings with 


such pictures were also observed. This item may refer that nonconvulsive 
response or abortive convulsion is mainly owing to the cortical abnormal 
discharge. 


TABLE I. 


Average Values of both Amplitude and Period of Corticogram in the 
Postconvulsive Stadium in a Schizophrenic Patient. 





Before 
response 


Nonconvul. 


respouse Complete convulsive response 





Time...(minute) Rie 5 6 9 12 I 30 4 





Amplitude...(pv) 150 95 150 180 170 160 185 170 130 85 
Period...(¢) 95 95 160 180 175 160 155 110 9% 95 











Of course, disturbances in conscious condition in cases of abortive co- 
vulsion or nonconvulsive response do not last so longer duration, and electro- 
graphic changes also recover easily to the normal functional state in few 
minutes, though those, particularly in corticogram, tend to accompany 
an increasing alpha-rhythm. Fig. 6 may refer such relations. 

In spite of an appearance of unconsciousness, the epileptics, differing 





Fig. 5. A sample of the cortical (the upper trace) and the subcortical (the under 
trace) patterns in case of nonconvulsive response. 1: during in jection: 2: 20 sec. 
after ending of injection of cardiazol of 5 cc.; 2-4: during response. (2, 3 and 4 are to 
be continued). 


from the nonepileptics, showed a certain 

characteristics in case of abortive con- 

vulsion or nonconvulsive response. By , 

way of example, electrograms of one 

patient who has both clinically and elec- 

troencephalographically diagnosed as I: 
psychomotor epilepsy, are shown in wie] Mee fad 


Fig. 7. During recording, there, as WML AT) i 
response to gradual injection of cardia- Spinks | ft 

‘ zol, occurred a certain seizure almost WW AG 
resembled spontaneous clinical one, “Sige 9 ee) Gee | 
such as psychomotor type, and its elec- Fig. 6. A sample of the cortical 
trographic picture was naturally identi- (the upper trace) and the subcort- 
cal to that recorded via the scalp, which ere under oe oenmtees 
was usually observable during sponta- mead yam inner 
neous seizure. It must here be noticed 2 min. cher commation of response; 

that both the corticaband the subcortic- B: 5 ‘min: after. 

al patterns tend to go on almost synchro- 

nously!® and also, a tendency of synchronization in both patterns becomes 

strong even after ending of response. This finding seems being character- 

istic to the epileptics. 

At last, differences between the changes in the routine EEG and those 
in the corticogram are described in brief. Excepting of an increased 
potential and a tendency involving fast, small waves, particularly in the 
second and the third stages of the postconvulsive. stadium, there are no 
remarkable differences. This finding may indicate that, in view of a certain 





Fig. 7. Response to cardiazol in case of psychomotor epilepsy. The upper trace 
was recorded from the cortex of the motor region, the under one, from the subcortical 
part and the middle one, from the cranial bone in neighborhood of the former. 1 : before 
injection; 2-4: during response to gradual injection of cardiazol of 1 cc.; 5: 5 min. 
after cessation of response. (Between 2, 3 and 4, there is no interval.) 
action of the scalp as filter, the direct influence of the subcortical discharge 
upon the routine EEG via the scalp is scarcely recognizable: this item seems 
of course concern with the matter of impedance. 


CoMMENT. 


It has already been described that the electrical pattern as the con- 
vulsive discharge recorded via the scalp might be ‘‘cortical.’”’ Then, falls 
the cortex at first into an excitation state by cardiazol of small dosis ? More- 
over, is there a direct action of cardiazol to the cortex, as Goodwin and 
collaborators®) had reported ? In reference to this problem, we have made 
an investigation by means of local application of cardiazol to a certain 
portion of the human cortex. Results of this experiment are shown in 
Fig. 8 which was obtained during operation of prefrontal lobotomy. When 
cardiazol of ca. 0.2 cc. is injected into the superficial cortical part of the 
frontal region, transient and momentary disturbances of consciousness or 
thought process appear, and at the same time, the cortical patterns from 
symmetrical points of the brain change into an abnormal state which shifts 
easily into the picture resembling epileptic or convulsive discharge. This 
result may indicate to some extent that cardiazol has a direct influence to 
excite activity upon the cortical function, which propagates through many 
neuronal pathways to other parts.’ Doesn’t thus excited hyperactivation 
of the cortex build up in cases of convulsive response ? 

At the beginning of convulsion, we have observed an abrupt occurrence 
of vigorous cortical discharge consisted from many spikes of high potential. 
Such an appearance of spike-formation as convulsive discharge may refer 
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Fig. 8. A sample of corticograms following local application of cardiazol, which 
were recorded from the symmetric portions of the prefrontal regions of the right (r) 
and the left (1) hemispheres with an attachment of reference electrode on the median 
line of the head. Cardiazol was injected into the cortex of the left hemisphere. 1: be- 
fore injection; 2: 1 min. after injection; 3: 2 min. after; 4: 3 min. after. 


that convulsion is induced by vigorous hyperactivity of the cortex.”)®’ In 
spite of almost equal value in period, or ca. 10 per second as well as the 
alpha-waves, spikes increase gradually those amplitudes as shown in Fig. 
9, Thisincreasing ratio is possible to express as A= pe; viz. the damped- 
vibration. This phenomenon indicates, we have thought,®?» the me- 
chanism for neuronal process of convulsive discharge: the hyperactivity of 
one group of the cortical cells propagates from one to other parts, increas- 
ing the number of such excited cell-groups and finally, the summation of 
such occurred hyperactivation is builf up to produce vigorous convulsion. 
May such a consideration not be admitted by the damped-vibration 
phenomenon ? / 

Then, does not take part the subcortical region in such an abnormal 
neuronal excitation? In order to answer for this question, following find- 
ings are neccessary to notice. In cases of nonconvulsive response, the 
subcortical pattern did not show any change, even though the significant 
cortical discharge had occurred. It has also been observed that the sub- 
jects never fell down into generalized convulsion, excepting of an occurrence 
of strong subcortical discharge with the damped-vibration. In other 
words, as far as the subcortical pattern does not change into the spike- 
formation, convulsion seems not occur. The subcortical region,’® there- 
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Fig. 9. Gradual increasing of amplitude of the pattern which appeared one after 
another at the beginning of tonic convulsive phase. YY’ may be expressed as a strait line, 
viz. A=pekx, (A indicates “‘ amplitude ”’). 
fore, may have a certain action such as controlling of occurrence of con- 
vulsion. This supposition on the mechanism of the subcortex may admit 
Penfield’s consideration”? that the subcortex is functionally ought to be said 
as ‘* supracortical:”’ 

In comparison with the nonepileptics, the epileptics are more easily 
responsable to cardiazol. This clinical fact may refer that, from the stand- 
point of view above described, the action in. response of subcortical regions 
of the epileptics would be'stronger than that of the nonepileptics. Such a 
consideration will be supported by the followings; in case of psychomotor 
epilepsy, not only a simultaneous appearance, but a strong tendency of 
synchronization between the cortical and the subcortical patterns was 
recognized. Also, we have hitherto observed that not only a case of psy- 
chomotor seizure, but cases of the epileptics themselves have in general such 
atendency. An existence of thalamo-cortical rhythmic circuit, which has 
been described by Penfield and the collaborators,® may give something to 
the background mechanism for explanation of such a consideration. 

It was interesting that the alpha-rhythm appeared from the cortex 
simultaneously with recovering from unconsciousness, though electrical 
disturbance or abnormal functional condition of the subcortical part lasted 
for more longer duration than in the cortex. Such an unorganization in 
the subcortical part seems concern to some extent to the conscious disturb- 
ance: the normal conscious state may be induced by the complete recovery 
of the subcortical pattern from abnormal function. 


SUMMARY. 
1) In 6 cases of the subjects, electrographic changes induced by car- 


diazol convulsion were observed by direct recording technique. 2) The 
direct influence of cardiazol upon the cortex in man was experimented by 
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local application. 3) Excepting of several findings, the general resem- 
blances in corticogram and EEG recorded via the scalp were capable to 
recognize. 4) After ending of cardiazol injection, the cortex falls down at 
first into excitation state, and then, it shifts into convulsion with significant 
convulsive discharge consisted from spikes of ca. 10 per second, which 
enlarge gradually those potentials, figuring a sort of damped-vibration 
possible to express as Ape, which may refer an existence of the neuronal 
process of synchronized propagation of the cortical hyperactivity. 5) In 
cases of nonconvulsive response, only the cortical excitation was observed. 
6) The controlling mechanism of the subcortical part for occurrence of 
convulsion was commented. 7) Simultaneously with recovering from un- 
consciousness, there occurs the alpha-rhythm in corticogram, but the com- 
plete recovery of the subcortical pattern from the abnormal functional state 
seems to bring the complete recovery of conscious condition. 
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About the inheritance of the animal and plant colour, attention has 
been payed to the united action of the genetical factors. In 1907 Wricht 
considered the action of ferment about them. With Casperi’s experiment 
with the colour of ‘‘ Ephestia Kihniella Z.”’, the growth of the physiological 
genetics began. In 1943 Kikkawa” and Kotake assumed that the ferment 
with regard to the colour of silkworm was controlled by the genetical factor. 
In 1944 Félling attached great importance to the congenital lack of pheny- 
lalanin oxydase concerning phenylketonurine idiocy (recessiveness) and 
then analogized the pathology of albinism. We (Nakajo®), Watanabe,* 
Oizumi, lijima,* Ito®) have been experimenting for melanin for many 
years and concluded that there were complicated relations between the 
chromogen, oxydase, neurovegetative function and the action of sunlight. 
And so regarding the hereditary pigmentary diseases, I think great im- 
portance must be attache to the factortheory (Bateson, Cuenot) and the 
standpoint of physiological genetics (Goldschmidt). 

I wish next to consider the ephelides, dyschromatosis symmetrica 
hereditaria and xeroderma pigmentosum, paying close attention to the 
basic form of pigmented spots and the same favourite localization. The 
hypersensitiveness to sunlight of the patients with these diseases is basically 
very complicated. The increase or decrease of pigmentation and the de- 
gree of erythem vary a great deal with each case and the stadium of disease, 
and the wave-length of senstive rays is uncertain as many authors have 
described (About xeroderma pigmentosum, there is the experiment of To- 
yama and Usuba.® Therefore, I think it is proper to study these diseases 
from the point of the inheritance of sensitivity to light rather than from 
the usual hereditary standard founded on the morphologic changes such 
as pigmented spots or erythem. 

Lorry, Hammer, Meirowsky and other authors held that ephelides 
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seemed to be dominantly inherited, ‘while Siemens held that it was not 
monofactor but polymeric factors. I have experienced many cases where 
the mass of the sibs through two successive generations are affected. On 
the other hand, xeroderma pigmentosum seemed generally to be inherited 
as irregular recessive, The frequency of consanguineous marriage among 
parents of patients is heigher but varies greatly according to authors, for 
instance 17.1% (Siemens and Kohn), 35.2% (Miyazaki”) and 58.6% 
(Bering and Barnewitz), and the attack ratio in the sibs (percentage of 
number of patients among total number of their brothers and sisters) seems 
heigher than in recessive cases (Siemens 30% and our clinic of Tohoku 
University 45.4%). Watanabe®) reported a case where six out of 13 chil- 
dren are affected. But the case where the condition appeared through 
successive generations was very few and this fact is the basis of recessive 
theory. But hitherto the object of observation has been only typical sym- 
ptoms of xeroderma pigmentosum and ephelides seemed to have been 
disregarded. In our medical clinic, there are records of five pedigrees, 
where the parents or uncless of the patient with xeroderma pigmentosum 
showed ephelides. 

Moreover I have examined a case where mother of patient with xero- 
derma pigmentosum had seven children and six children were likewise 
affected. 

Dyschromatosis symmetrica hereditaria is a disease first reported by 
Toyama, Komaya® and Matumoto separately around 1923 and in only 
Japanese has become to question. Keizo Dohi payed attention to symptom 
similar to xeroderma pigmentosum and to which I have also payed close 
attention. I supposed this disease may be the middle type between ephe- 
lides and xeroderma pigmentosum. With regard to the mode of in- 
heritance there are many different views among the authors. Recently 
Toyama and Omori’ admitted that the cases where the patients were 
found through successive generations (52%) were over double the number 
of cases from consanguineous marriage of parents (24%) from their study 
of the Japanese literatures, and concluded that inheritance as a dominant 
factor. From above, it must be.concluded that the mode of inheritance 
of these three diseases is not yet clear. I studied the relations of these 
three diseases from the materials in our clinic from 1926 to 1944. 

Sex It seems owing to the consmetic complaint of woman that ephilides 
is more frequent in female. Dyschromatosis symmetrica hereditaria and 
xeroderma pigmentosum show no sex differences. About the onset there 
are a few records. But from the age of the first examination (Table I), it 
is recognized that in xeroderma pigmentosum, the earlier it appears, the 
more severe it is likely to be, and in other two diseases it is more frequent in 
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puberty. From the attack ratio in the sibs of these three diseases (Table 
II), it is difficult to conclude that inheritance is recessive, and the per- 
centage in the cases where parent and child were affectéd is heigher than in 
the cases where the parents were not affected. I have paid special atten- 


TABLE I, 
Sex and the Age of the First Examination. 





Sex and | 
(1 }6 ; UM] 16 | 21 | 26 
age (y) \~5 |~10~15) ~20 | ~25 | ~30 
| 


Ephelides 31 














Dyschromatosis 
sym. hered. 








Xeroderma 
pigmentosum 











Relation between the Attack Ratio in the Sibs and Disease 
of Parents of Patients. 





. Both parents One parent No parent T 
otal 
ony affected affected affected 
e ‘ ra . a 
pati- number Ppati- / number pati- sr" pati- / 
of cases (“® of cases |“"S -b, Fu ‘b. 
. » sibs sibs 
¥ A , 


4 sibs 
; 28/63 19/56 53/129 
Ephelides ° 10 | (44.4%) (33.922) (41.122) 

















Dyschromato- 7/18 5/14 12/32 
sis sym. hered. (35.792) (37.59 
9/26 15/33 


Xeroderma / 
pigmentosum 7% (34.622) (45.49% ) 





























TaBLeE III. 


Percentage of Consanguineous Marriage among Parents 
of Patients 





7 Number of cases of consanguineous 
N ‘ " 
umber of cases marriage (%) 


2 (5.9%) 


Ephelides 








Dyschromatosis Py, 
sym. hered. # (30.776) 





Xeroderma 9 (52.9% 
pigmentosum y, 
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tion to cases of xeroderma pigmentosum where affected woman had seven 
children and sex affected and one died in childhood. About the per- 
centage of consanguineous marriage among parents of patients (Table IIT), 
there is significant difference between ephelides and other two diseases by 
Yates corrected chi-square test but no significant difference is visible be- 
tween the latter two diseases. 


CoMMENT. 


Siemens has concluded ephelides to polymeric inheritance. I think 
these three diseases are equally polymeric inheritance based on our ex- 
periment with melanin and the fact that physiological phenotype is gen- 
erally polymeric. Assume that they are two dominant factors (condi- 
tional), then the ratio of affected to non-affected becomes nine (including 
three or six homozygotes) to seven. This ratio is aploximately equal to 
that in our materials. 

And now, assume the recessive lethal factor with regard to xeroderma 
pigmentosum, then it becomes possible to explain that this diseases is more 
frequent in the case with consanguineous marriage of parents where the 
probability to become homozygote is heigher. This idea is not incon- 
sistent with the rule in which phenotype with recessive lethal factor is gen- 
erally dominant. And this mode of inheritance coincides to the mode of 
yellow mouse by Cuenot. 


CoNCLUSION. 


I conceive that the genetical factors of these three diseases act upon 
the sensitivity to sunlight which manages the factors of pigment-formation 
(chromogen, oxydase etc.), and these phenotypes are the various symptoms 
such as ephelides, dyschromatosis symmetrica hereditaria and xeroderma 
pigmentosum. Therefore I have concluded that the mode of inheritance 
of these diseases was equally polymeric dominant with recessive lethal 
factor. 


References. 


Kikkawa, Science, 1943, 13, 282. 

Nakajo, Tohoku J. Exp. Med., 1949, 50, 296, 344, 354. 
Watanabe, ibid. 1949, 50, 372, 384. 

lijima, ibid. 1949, 52, 125. 

Ito, ibid. 1949, 52, 95, 119. ‘ 

Toyoma and: Usuba, Jap. J. Dermat. and Urol. 1927, 27, 47. 
Miyazaki, ibid. 1932, 32, 168. 

Watanabe, Jap. J. Neurol., 1935, 398, 466. 

Komaya, Arch. f. Dermat. 1924, 147, 389. 

Toyama and Omorj, Jap. J. Dermat. 1948, 58, 36. 





The Tohoku Journal of Experimental Medicine, Vol. 53, Nos. 1 & 2, 1950. 


Genetical Studies on Skin Diseases. 
Il. Epidermolysis bullosa hereditaria. 


By 


Yoshio Yoshida. 
(F#A RX) 


(From the Department of Dermatology, Faculty of Medicine, 
Tohoku University, Sendai. Director: Prof. M. Ito.) 


(Received for publication, September 19, 1949) 


Hallopeau (1898) devided epidermolysis bullosa hereditaria (e.b.h.) 
into e.b.h. simplex and e.b.h. dystrophica symptomatically, and Siemens 
(1921) made two types essentially different diseases histologically and gen- 

‘etically. But it is recognized that there are some types difficult to diagnose, 
and there are many authors who record two types as one disease. I col- 
lected 100 cases of e.b.h. from various Japanese medical journals?) and 
studied this question from genetical point. 

1. Sex: Including reported cases and their family cases, male 94, 
female 64 and unrecorded 8. This shows male is affected more frequently 
than female. 


2. Sex and type: See .Table I. 


TABLE I. 
Sex and Type. 





Female 
Simplex | 











Dystrophica 














3 


Total 1 
3. Age of onset (Table II): Regarding this point I cannot find any 
difference between the two types. A great many patients fall ill within 
one year after birth, but there are not a few cases beginning after puberty. 
This latter fact should be kept in mind at the time of investigation of family 
constellation. 
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TaBie II. 
Age of the Onset. 
: 

Type | wi nr | AIS | 16~ ? Total 
Simlex 2 ae 2 3 17 
Dystrophica 47 | £ usps 3 | “allo 4 69 

? ; ou pe, cic intial 14 
Total | 67 | 3s as le, SA 100 








4. Consanguineous marriage (Table III): In clearly recorded 84 
cases, we find 29 cases with consanguineous marriage among parents of 
patients. 

Tasre III. 


Consanguineous Marriage. 




























Consang. 
Marriage + - Total 
Type 
Simplex 2 13 15 
Dystrophica 25 32 57 
? 2 10 12 
Total 29 55 84 











I examined with Yates corrected chi-square test, and I must admit it 
is more frequent in dystrophica than in simplex. (P=0.032) 
5. The attack ratio in the sibs (Table IV): As shown in Table IV, 




















TaBLe IV. 
, The Attack Ratio. 
= = — of Total number of Number of 
amilies brothers and sisters affected 
Simplex 5 | 36 ~ 
Dystrophica 20 | 97 41 
Total 26 | 133 55 








the attack ratio (percentage of number of patients among total number 
of their brothers and sisters) is as follows: (a=0.01) 
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E,b.h.s. 59.4% =p220.8%, 
E.b.h.d. 54.5% =p230.4% 

About this point, I cannot conceive any significant difference between 
the two types and I question Siemens’ theory which makes e.b.h.d. reces- 
sive hereditary diseases essentially different from e.b.h.s. I applied Koya’s 
method of statistic examination to this point and I had the same results. 


COMMENT. 


As stated above, I am convinced that it is very difficult to devide this 
disease into two types clearly and can not admit significant difference be- 
tween the two types about age of onset and the attack ratio in the sibs, but 

, the frequency of consanguineous marriage among parents of patients is 
higher in e.b.h.d. than in e.b.h.s. Siemens recorded e,b.h.d. as being very 
rare and recessive hereditary disease as being essentially different from 
e.b.h.s. basing his decission on the fact that there were many cases with 
consanguineous marriage among parents of patients. I suppose, however, 
he picked up e.b.h.d. which showed recessive inheritance from literatures, 
for I can find many such cases reported, which showed dominant inherit- 
ance and deformity or loss of the nails, from Sakaguchi’s® treatise which 
Siemens used as one of his materials. Moreover, I can find in the above 
materials some cases in which two types appeared in one family. From 
my materials, too, I find two pedigrees which showed patients of e.b.h.d. 
through three successive generations without consanguineous marriage. 

Based upon above reasons, I question Siemens’ theory and take the fol- 
lowing views. There are sonie cases difficult to diagnose as between e.b.h. 
d. and e.b.h.s. Clinicians are seldom consulted on slight cases and so 
clinicians examine more frequently e.b.h.d. rather than e.b.h.s. J sup- 
pose that there is a close relaticnship between e.b.h. and physiological 
phenomena as footsores or sores by “‘ geta”’. Let us assume the influence 
of endocrine function due to the epispatic factor pathogenetically, then it 
is natural to record this disease to be inherited as polymeric, based on the 
fact that physiological phenotype is generally polymeric. Now assume 
the two conditional factors (dominant), then it is not inconsistent with the 
attack ratio as mentioned above and with the fact that there are various 
differences of phenotypes between e.b.h.s. and e.b.h.d. Moreover, if I 
assumed a factor intensifying the disease corresponding to recessive partial 
lethal factor, it can be explained that in e.b.h.d. complicated with dystrophy 
is more frequent in the cases from consanguineous marriages among parents 
of patients, for it has many probabilities to become homozygote in con- 
sanguineous marriage. This idea is not inconsistent with the rule?) in 
which phenotype with recessive lethal factor is generally dominant, there- 
fore the question®’®) of the presence of two types in the same family can be 
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explained clearly. But this idea cannot be definitely supported from my 
materials alone. 


CONCLUSION. 


About 100 cases of e.b.h. collected from the various Japanese medical 
journals, I have examined the relations between sex, age of onset, con- 
sanguineous marriage, attack ratio in the sibs and types, and question 
Siemens’ theory which classes the two types as essentially different diseases. 
I have concluded, from the standpoint of physiological genetics, that this 
disease inherited as polymeric factors (dominant) with recessive intensifier (?). 
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About the inheritance of hypotrichosis congenita, many pedigrees, in- 
cluding Unna’s case’) with 62 patients through seven generations, seem 
to show the dominant inheritance, But, on the other hand, Joseph,? 
Baer and Stein payed attention to the consanguineous marriage. Soba- 
jima®) examined 29 cases himself and recorded this disease to be inherited 
as recessive, and, from the fact that there was no case where an affected 
father transmitted the trait to sons, considered the influence of sex. Sie- 
mens, in the beginning,‘ assumed the recessive inheritance from the fact 
that the frequency of consanguinious marriage among parents of patients 
was higher, but he later®’®) considered that Sobajima’s 29 cases are irregular 
dominant inheritance. Komai’) indicated a marked sex-controlled tend- 
ency from Sobajima’s materials. Aoshima® stated that in some cases it 
showed dominant and in other cases recessive. As seen from above there 
is a divergence of idea on this question. On the other hand, about the 
congenital alopecia of animal,®) it is said that in mouse this disease seems 
to be inherited as a dominant with partial lethal factor, In hornstein 
the affected dies immediately after birth (Moher and Wriedt). Thus there 
is close relationship between this disease and the action of lethal factor. 
But, in this point, there are many questions too. For instance, Landauer 
stated that in the mouse it seemes to be inherited as a recessive and became 
*‘halbnackt’”’ in heterozygote, and ‘‘ Kurzharrigkeit’’ in dog, cat and 
rabbit seemed to be inherited as a dominant, but hypotrichosis of the animal 
is atrichosis and different from that of human, I collected 56 cases 
of this disease from various Japanese medical journals and analized them 
with this question in mind. 

1. Headhair at birthtime: In clearly recorded 52 cases, only one 
showed no hair, 21 cases normal and 28 cases less or fine at birthtime. 

2. Age ofonset: In 46 cases excepted one case which had no head- 
hair at birthtime and unrecorded nine cases, it was as follows: 15 cases within 
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one age, 13 cases within five ages after one age, 3 cases gradually began 
and 15 cases seemed to exists at birthtime. From this, it seems almost 
within five ages. 

3. Consanguineous marriage: In clearly recorded 53 cases, the 
consanguineous marriages among parents of patients were admitted in 
30 cases. This percentage is as follows: (a2=0.01) 

72.4%=>p239.7% 

This shows that the consanguienous marriages cannot be disregarded 
pathogenetically.°"") From this point the irregular dominant theory by 
Siemens is questionable. 

4. Family constellation: In clearly recorded 51 cases, 30 cases had 
the family constellation (74. 5%=p241.7%). Moreover, I find 16 cases 
where the patients were found through over three successive generations. 
From this point, I doubt the recessive theory by Sobajima. 

5. Sex: In 136 cases including family constellation, 31 are un- 
recorded, 33 male (48.5%2p215.7%) and 72 female (84.3%>p=51.5%). 
This shows the disease is more frequent in female than in male. 


TABLE I. 
The Attack Ratio. 

































Total number of 
Total number of} .; 
Parents brothers or a affected Total number of 
sisters te be brothers and 
boot Holla: as 1): 0. naga sisters 
Sister 68 35 j 
51 
OAM Secon Aint es le 
Brother 71 16 ; 
Sister 15 9 13 
sx? rn ea 
Brother 17 4 ; 
‘Since | 10 : 
ex? | }———--] ye 
| Brother 20 5 
Fis ai she ; 
1 
Sister 107 54 | 
Total | - ane —-- 9 915 
| Brother 08 | 25 


@ 2 affected, 6 Q non-affected 


6. The attack ratio in the sibs: In clearly recorded 55 families, 
total number of brothers and sisters is 266, and number of patients is 86. 
The attack ratio (percentage of number of patients among total number 
of their brothers and sisters) is as follows: 39.7 S2p225.6% (a=0.01) 
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This percentage is less than in simple dominant and more than that in 
simple recessive. 

I investigated the attack ratio of male and female separately according 
to whether father or mother was affected or not. They are as shown in 
Table I. From this table I cannot admit significant difference between 
sexes about the attack ratio according to whether father or mother was 
affected or not. And, from the fact that female is affected always more 
frequently than male, I suppose the tendency of sex-controlled inheritance. 

7. Mortality in the sibs: In clearly recorded 42 families, total 
number of brothers and sisters is 218, and they include 44 cadavers. Com- 
paring the cases with consanguineous marriage among parents of patients 
with the cases where the condition appeared through successive genera- 
tions about this point, they are as shown in Table II. From this, I can- 
‘not admit significant difference between the two cases, and it is impossible 
to suppose the lethal action as in the case of animals. 


TABLE II. 
Mortality. 





| Total number 


of brothers 
and sisters 


Number of 
families 











Cases with consanguineous marriage 54 
of parents 





Cases affected through successive 57 1 
generations 4 











8. Complication: Hoffmann investigated the changes in the nails 
of eight patients through four successive generations. Tilley, Fournier 
and Heyde payed attention to changes in the nails, and Rayer, Schede, 
Pinkus, Koiwai, Sobajima and Kooij to changes in the teeth. On the 
contrary, Siemens®) stated that perhaps they mixed with anidrosis hypo- 
trichotica. In my materials, there are seven cases of defect or deformation 
of the nails, five cases of the osseal deformation, two cases of keratoma 
palmare et plantare hereditarium, two cases of thyroidism and a case of 
hydrocephalus (in some cases they are combined with two or three), and 
I cannot find any anidrosis. 

If I devide my materials into next two groups: the first those with 
deformation of the teeth, nails and bones or keratoma palmare et plantare 
hereditarium, the other with no complication, and compare the two groups 
with regard to the consanguineous marriages among the parents of the 
patients, the following conclusions are rearched. In the former (16 cases) 
the consanguineous marriage. is admitted in seven cases and in the latter 
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(30 cases) it is admitted in five cases. By Yates corrected chi-square test, 
P becomes 0.0505 admitting that the former is more frequent in consan- 
guineous marriage among parents of patients than the latter. Therefore, 
further study is necessary to consider this disease like as epidermo- 
lysis bullosa hereditaria. (Based on the fact that epidermolysis bullosa 
hereditaria dystrophica complicated with the highest dystrophie is more 
frequent in the consanguineous marriage among parents of patients than 
epidermolysis bullosa hereditaria simplex with no complication, I assumed 
a factor to intensify the disease corresponding with recessive partial lethal 
factor.—See II. Epidermolysis bullosa hereditaria). 


COMMENT. 


As above described, I cleared the doubts of existing theory about the 
heredity of this disease. This disease has close connection with physio- 
logical phenomenon (the development of hair), and physiological pheno- 
type is generally polymeric. Therefore, it is not unreasonable to conclude 
this disease to be inherited as in the case of polymeric. And now, it is 
generally recognized that the development of hair has close connection 
with endocrine function as the preparations of hormone has been used for 
the treatment of this disease. Moreover the influence of endocrine function 
due to recessive inhibitor was assumed as one of polymeric factors for the de- 
velopment of hair, then it is not inconsistent with the attack ratio as above. 
Concerning the fact that this disease is more frequent in female, I have 
assumed the sex-controlled inheritance due to the function of sexal hor- 
mone, in comparison with the fact that alopecia pityrodes is more frequent 
in male, Next, about the fact that this disease have many cases with con- 
sanguineous marriage among parents of patients, I have assumed the 
partial lethal action from the fact that in animal this disease has close con- 
nection with lethal factor. I must admit that, under P=0.0505, the cases 
complicated with dystrophia are more frequent in the consanguineous 
marriage among parents of patients than in the cases with no complication, 
but the percentage of mortality indicated by my materials could not clear 
this point. I recommend this question to further investigation. 


CONCLUSION. 


I studied 56 cases of hypotrichosis congenita collected from various 
Japanese medical journals, and concluded that this disease to be inherited 
as polymeric (dominant with recessive inhibitor (?)) with sex-controlled 
factor which has clcese connection with the endocrine function. 
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About the inheritance of keratoma palmare et plantare hereditarium, 
Thost (1880) first reported on 17 patients in a family of 46 people through 
four successive generations, and later Brauer, Griinauer, Gossage, Giinther, 
Roff, Siemens, Unna, Vérner, Winkle and many other authors have studied 
and reported on this question. Siemens! has demonstrated that this con- 
dition is a “‘ paradigm of dominant inheritance’. But, on the other hand, 
Ujmanov”? reported that the condition decreased by prohibiting the con- 
sanguineous marriage in Mohammedan where many patients had been 
found, and Bettmann, Jadassohn, Papillon and Lefévre reported on the 
cases with consanguineous marriage among parents of patients. Siemens* 
surmised other mode of inheritance, where the irregular dominant or 
polymeric factors in addition to regular dominant played a réle, based 
on the fact that he examined a case of diffuse form and linear form in the 
same family. Moncorps*) described the condition that seemed to be in- 
herited as regular dominant in case of typical symptom and as irregular 
dominant or recessive in the case of atypical symptom. In Japan this 
disease was first reported by Hirota (1901) and the inheritance was de- 
scribed by Ito,5) Kuroda, Hinata,* Suga”) and Konishi.*) I collected 103 
cases of this disease from various Japanese medical journals and examined 
the relations between type and inheritance. 

1. Classification: Many authors described various classification 
clinically, morphologically or by course. I devided this disease into next 
three groups. 

(1) d-type: diffuse form (clinically typical form), including its 
abortive form (hyperkeratosis limited on the soles) and the case appeard 
after puberty. 

(2) m-type: mal de meleda including its abortive form (hyper- 
keratosis extend not only to the palms and soles but also to other area, such 
as internal malleoli, extensor surface of the knees and elbows, dorsa of the 
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hands and feet and occasionally to the trunk). 

(3) a-type: atypical form, punctate and linear form. But, in 
clearly recorded 116 cases, a-type is present only in seven cases and so I 
compared mainly d-type with m-type. 

2. Sex: In clearly recorded 119 cases, affected male is 68 and female 
is 51. Adding clearly recorded cases in the family constellation, affected 
male is 115, female is 98. Its percentage is as follows: (a=0.01) 


male: 62% =p=43.5% 
female: 56.5% =p=38% 

The relation between sex and type is as shown in Table I, In this 
material, male is affected more frequently than female in all types, but 
there is no significant difference statistically. These results coincide with 
Winkle’s report. 




















TABLE I. 
Sex and Type. 
Type Sex Male Female Total 
a ue 41 30 SGT gpor 
a m 20 18 38 
errs 5 int *osnas 
“Tol "| 6 so | 16 











3. Onset of disease: In clearly described 100 cases, as in Table II, 
it shows, onset of disease in 55 cases is before the age of 3 and in 45 cases 
after the age of 3 including three cases after puberty. Comparing the two 
types, the case before the age of 3 in d-type is more frequent than in m-type. 
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Onset of Disease. 
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But I cannot recognize significant difference between two types. 


85 
In all 








cases, attention must be payed to the fact that there are not a few cases 
which appear many years after birth. 

4. Consanguineous marriage: In clearly described 86 families, the 
cases with consanguineous marriages among parents of patients are 18 
families (33.2% 2p2=11.6%). This fact cannot be overlooked pathogenet- 
ically. Comparing the two types (Table ITI), it is more frequent in m-type 
(26.9%) than in d-type (14.8%). But this is not significant difference 
statistically. And comparing the case of consanguineous marriage among 
parents of patients with the case with no consanguineous marriage con- 
cerning the onsets, I cannot find any significant difference. 


























TasBve III. 
Family Constellation ( )...... Consanguineous Marriage 
Number of Number of cases | Number of cases 
cases affected | where the condition | with affected | Number of Total 
Type through succes- | appeared in pedi- brothers and single case 
y sive generations grees irregularly sisters 

23 (1) 5 (1) 4(1) 22 (5) 54 (8) 

42.6% 9.3% 7.4% 40.7% 
6 (1) 1(1) 9 (4) 10 (1) 26. (7) 

7; 23.176 3.82 34.6% 38.5292 
a 1 1(1) 4 (2) 6 (3) 

















5. Family constellation:- In clearly discribed 86 families, the case 
where the condition appeared through successive generations is 30 families 
(35%). The case with no family constellation is 36 families (42%), the 
case with affected brothers or sisters is 13 families including five cases with 
consanguineous marriages among parents of patients, and the case where 
the condition appeared in pedigree irregularly are seven families including 
three cases with consanguineous marriages among parents of patients. 
Therefore, all types taken together, it is impossible to make this disease the 
simple dominant. Comparing the two types (Table III), in d-type the 
case where the condition appeared through successive generations is most 
frequent and there is a case through five generations, three cases through 
four generations and 8 cases through three generations. But, from the fact 
that there are many cases where the condition does not appear through 
successive generations, I cannot admit d-type as ‘‘ paradigm of dominant 
inheritance”. In m-type, there are six cases affected through successive 
generations including three generations. Therefore, I cannot admit m- 
type as the simple recessive inheritance. 

6. The attack ratio in the sibs: In clearly described 52 families, 
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total number of brothers and sisters is 361 and affected 142. Therefore, 
the attack ratio (percentage of number of patients among total number 
of their brothers and sisters) is: 
45.0%>p=>33.2% (a=0.01) 

This percentage is lower than 50% (simple dominant), and higher than 
25% (simple recessive). Comparing the two types (Table IV), the per- 
centage of both types are approximately the same as in the case of poly- 
meric dominant. 


TABLE IV. 
The Attack Ratio. 





Percentage of number of affect- 





Total number 











Number of | Number of . 
: of brothers and | ed among total number of their 
Type i families | sisters affected brothers and sisters 
d 34 = be | 100 49.726 =p230.2% 
™ 5s | 10 | 39 49.7 96=p227.5% 





(a=0.01) 


7. Complication: There are many reports complicated with the 
change in the nails, hairs, mucous menbrane, teeth, bones and insanity 
and endocrine dysfunction. In my materials, the change in the nails is 
recorded in 18 cases (6 cases in d-type and 11 cases in m-type). Hyper- 
idrosis is recorded in 26 cases (13 cases in d-type and 11 cases in m-type). 
Moreover there are records of ichthyosis congenita, ichtyhosis vulgaris, 
epidermodysplasia and congenital deaf and dumb. All types taken to- 
gether, number of the cases with at least one complication as above de- 
scribed, is 50 (41.7%). Comparing with two types, d-type is 20 cases in 
71 and m-type is 29 cases in 39. From this I must admit the fact that the 
case with complication is more frequent in m-type. I investigated these 
50 cases from the point of family constellation, single cases are 16, the cases 
with consanguineous marriage among parents of patients are 13, the cases 
where the condition appeared through successive generations are 10, the 
cases where the patients had affected brother or sister are 7, and 4 un- 
recorded cases. From this, the case with complication is not so frequent in 
the cases where the condition appeared through successive generations. 


COMMENT. 


As above described, I devided this disease into d-type, m-type and 
a-type, and studied mainly the d-type and m-type genetically. Siemen’s 
theory, which reagrds this disease as “‘paradigm of dominant inheritance,” 
is inconsistent with the fact that there are many cases with consanguineous 
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marriage, among parents of patients and with nonaffected parents. Mon- 
corps’ theory, which records this disease in the case of typical form to be 
inherited as regular dominant and in the case of atypical form to be in- 
herited as irregular dominant or recessive, is inconsistent with many facts 
as above described. Of course, at the time of investigation the materials 
collected from literatures, not a few errors are unavoidable due to indis- 
tinct description. Therefore, I have considered the following. In the 
hereditary skin diseases, there are not a few cases which show the mode of 
inheritance where the recessive intensifier or inhibitor takes a part in the 
polymeric factor as general physiological phenomenon. And at this time, 
the endocrine function and the various metabolism seem to take a great 
réle. I considered this disease from this standpoint. When I think of the 
treatment with Interenin by Hinata and other authors and the preparation 
of thyroid gland by Koyama, the relationship between adrenal cortex, the 
various metabolism and neurovegetative system, and many complications, 
it is rather natural to view this disease from the standpoint of physiological 
genetics than to treat it as ‘‘ anomalia simplex ”’ (Ginther).* 

Taking all types together I have concluded that, this disease to be 
inherited as polymeric dominant intervened by recessive intensifier (?). 
Especially in m-type, where the complication is more frequent than in 
d-type, this intensifier seems to me to take a gerater réle. But further in- 
vestigation must be made for the establishment of this hypothesis. 


CONCLUSION. 


I collected 120 cases of keratoma palmare et plantare hereditarium 
from various Japanese medical journals and studied them from the stand- 
point of physiological genetics. This disease seems to me to be inherited 
as polymeric dominant with recessive intensifier (?). 
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As ichthyosis vulgaris and abortive form of ichthyosis congenita re- 
semble each other in clinical symptom, the difference between the two 
diseases has been discussed pathogenetically. Since Caspary (1885), many 
authors supposed that the transition between two diseases, and Zumbusch, 
Siemens and Barber showed even a case where the condition began in 
the form of ichthyosis congenita and changed to the form of ichthyosis © 
vulgaris. On the other hand, Unna, Brocq, Thibierge, Lenglet, Nicolau, 
Jambon, Riecke, Bettmann and Orel denied this transition and, because 
of the difference of the mode of inheritance recorded by Jarisch and Lesser, 
they have treated the diseases as being essentially different. Siemens? 
endeavored to verify the analogy between the two diseases but statistic 
investigation disappointed his expectation and reached the conclusion that 
there were more remarkable differences between the two diseases than 
between epidermolysis bullosa hereditaria simplex and dystrophica. I 
studied this question statistically from the materials which I examined 
myself in Kanazawa Medical College and Tohoku University. The case, 
where ichthyosis vulgaris appeared through successive generations, is less 
in my materials than in white races. Perhaps it is owing to the fact that 
there are customs to disguise the family constellation in our country. 
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The attack ratio in the sibs of ichthyosis vulgaris shows approximate 
value to Siemens’, and conceive it to be inherited as dominant. But, as 
the significant difference between the percentage of consanguineous mar- 
riageés among parents of patients in ichthyosis vulgaris and in Japanese race 
(4-5%) is admitted, it is hold that this is not simple dominant but irregular 
dominant as Siemens described. , 

On the contrary, since the percentage of the consanguineous mar- 
riages among parents of patients with ichthyosis congenita is 71% nearly 
equal to Tsuzi’s 74% (Tsuzi*) collected 43 cases from published Japanese 
medical journals, and determined this value), I admit the significant dif- 
ference between the ratio of consanguineous marriages among parents of 
patients in ichthyosis congenita and in ichthyosis vulgaris, that is 5/7> 
14/97 (P=0.0006). And hitherto there was, no case where patients were 
found through successive generations in literatures. Therefore, it is im- 
possible to suppose ichthyosis congenita as dominant, and we must assume 
it as ‘‘ paradigm of recessive inheritance.”’ The fact that there were three 
families where the brothers and sisters of patients were miscarried and 
died at early ages, suggests the action of recessive lethal factor. From 
above, I reached the conclusion, which made two diseases genetically es- 
sentially different diseases (Jarisch and Lesser) as Siemens described. 


CoMMENT. 


I examined and studied the pathogenesis of them from the standpoint 
of physiological genetics. The secretory-anomaly of sweat glands is admitted 
as important factor of the pathogenesis of ichthyosis vulgaris. According 
to Kuno’s theory), so called active sweat glands are more in extensor sur- 
faces of extremities, where there is favourite localization of ichthyosis 
vulgaris, than in flexor surfaces, and so both surfaces can hold equally the 
humidity of normal skin. If the action to make the sweat glands active is 
hindered, the humidity of skin of extremities especially of extensor surfaces 
becomes lower, because there is a few ‘‘ respiratio insensibilis”’ and the 
highest magnifying power of the skin-area. It must be hold that the 
symptoms of ichthyosis appear by this mechanism. This disease begins in 
one or two years after birth and reaches the highest degree in puberty, 
when the growth of body is completed. On the other hand, the sweating 
function generally develops with the growth of body. From these facts, I 
presume that ichthyosis vulgaris is a sort of “‘ senilitas precox ”’ as “ pity- 
riasis senilis ’” caused by the phenomenon that the control of the sweating 
centre, which generally appears in adult, appears in childhood. According 
to this hypothesis, the fact that this disease gets better in summer is ex- 
plained by the observation of Kuno that the sweating function of an adult 
becomes active as that of a child in the summer. Furthermore I assume 
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that, according to the disturbance of endocrinosis (especially of thyroid 
gland and adrenal gland) reported often by many authors* the inter- 
mediary action from genotype to phenotype is disharmonized and the 
action to make the sweat glands active is prevented and consequently the 
symptom of ichthyosis occures. 

On the other hand, ichthyosis congenita appears in embryonal stage 
and many cases result in still borns. In a few surviving cases, so-called 
the abortive form, the symptom appears most remarkably in face especially 
forehead and cheek, neck and oberhalf of the trunk, unlike the ichthyosis 
vulgaris. In these parts there are many active sweat glands (Kuno) and 
well developed sebaceous glands. So these parts are recognized as the 
favourite places for ‘‘ exfoliatio lamellosa neonatorum.” Moreover, the 
axilla and flexor surfaces of the knees and elbows are recognized as the 
favourite localization parts for eczema seborrhoicum (so-called ‘‘ Kerose ” 
of Darier). From the facts described above I presume that in ichthyosis 
congenita the dysfunction of not only sweat glands but of sebaceus glands 
have a réle and manifests in very complicated manner at early embryonic 
stadium quite different from in ichthyosis vulgaris. By many authors it has 
been indicated clinically and autoptically that there are more remarkable 
endocrine dysfunction in ichthyosis congenita® than in ichthyosis vulgaris. 
But no man has ever cleared the differences between the two diseases about 
the functional and organic changes of endocrine glands. However that 
may be, I presume that these two diseases are different pathogenetically 
at the initial stage of differentiation of cutaneous glands in viviparous 
period. And, based on the ‘fact that these two diseases are the disturbance 
of “‘ keratose ’’ as physiological phenomen, I conceive that these diseases 
are inherited as polymeric and the factors combinations are different from 
each other. As described above, I may have been partial toward the 
function of cuntaneous glands, but I don’t think this as the only pathogenic 
factor of ichthyosis. I am well aware that the fact that the “‘ keratose ”’ is 
founded essentially on the complicated metabolism of skin can not be over- 
looked. Indeed, keratoma palmare et plantare hereditarium is com- 
plicated frequently with hyperidrosis. The palms and soles are the parts 
where many active sweat glands exist and where “‘ respiratio insensibilis ”’ 
is the highest. Nevertheless there occures the highest hyperkeratosis. 
This fact suggests that the oligoidrosis is not the only factor of keratosis. 
Added to this, the fact that there are a few cases of ichthyosis vulgaris com- 
plicated with keratoma palmale et plantare hereditarium and, as Jadassohn, 
Rille and Gassmann indicated, the patient of ichthyosis is compensated by 
hyperidrosis in the palms and soles, indicated the delicate differences be- 
tween the pathogenisis:of two diseases. I believe these diseases are in- 
herited and manifested by the characteristic physiological hereditary ele- 
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ments. I think the idea of ‘‘ faits de passage,’’ which the clinicians often 
have, based on the resemblances of their phenotype, must be reconsidered 
and removed. 


CONCLUSION. 


I have concluded that ichthycsis vulgaris, ichthyosis congenita and 
keratoma palmare and plantare hereditarium® are inherited as poly- 
meric and as the factors are combined differently these diseases are essen- 
tially of different phenotype. 
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It has already been pointed out by a number of investigators, that 
there occurs in malnutrition apparent hypoproteinaemia accompanied by 
shift of blood protein fractions, which is closely related to oedema, one 
of the principal symptoms of this disease. The ultimate cause of the hypo- 
proteinemia is attributable to deficiency of protein supply. But the blood 
protein is directly controlled by some special regulating organs. It has 
been confirmed already by Takizawa” and other investigators in autopsy, 
that there are severe atrophy and degeneration in the leading organs for 
blood protein regulation, such as liver, spleen, kidney, ductless glands etc., 
and in the liver obvious disturbances of its various partial functions have 
been proved. Fuse?) has also suggested that there may be causal relation 
between functional disturbances of liver and decrease of blood protein in 
this disease. The same could be said on the other blood protein regulating 
organs. Now we suppose, that the disturbed blood protein regulating 
function of these organs, which is caused secondarily by deficiency of pro- 
tein in the body, leads to hypoproteinaemia, which augments again the 
abnormality of the organ function, so that there exists a circulus vitiosus cf its 
own. 
Liver and other several blood preotin regulating organs take in from 
circulating blood protein particles of albumin class, giving off those of 
globulin class in it**), while skeletal muscles release at the time of their 
contraction usually a lot of albumin in the circulating blood.” In case 
of emergency, such as acute anemia and fasting, the liver may release al- 
bumin sometimes though scanty as it is.”"®? In various cases of disturbed 
liver function albumin in blood uses to decrease and globulin to increase 
on the contrary, resulting in the decrease of blood protein on the whole*-?®, 
but in case of extremely severe injuries there is ascertained increase of 
albumin together with diminution of globulin.1”-!” 
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Now, it is reasonable to comprehend the hypoproteinaemia in mal- 
nutrition in connection with injuerd blood protein regulating function 
of these organs. Nishiyama? observed in healthy man after muscular 
exercise obvious increase of blood proten concentration and of colloid 
osmotic pressure of blood, in which the pressure per 1% protein is also 
raised. He noticed further, that the rate of increase of the blood protein 
concentration is much greater than that of blood haemoglobin concentra- 
tion. Based on these facts, he concluded that the increase of blood protein 
concentration by muscular exercise is caused mainly to. mobilisation of 
blood protein, especially that of albumin from protein depot organs in 
addition to concentrating of blood. Miyamoto and Sugimoato*” con- 
firmed in diseases of extrapyramidal motor system, that the blood albumin 
increases by muscular exercise remarkably greater than that in healthy 
man. They attributed it to the abnormality of blood protein regulating 
center in the brain and functional disturbance of the liver in those dis- 
eases. 
In malnutrition also, the functions of the organ systems in the body, 
though more or less injured, maintain a labil equilibrium each other under 
delicate accommodation, but under some forced loading this incomplete 
equilibrium is easily broken and the latent functional disturbance becomes 
manifest. For example it is a well known fact that in our patients the rate 
of energy consumption is augmented by loading with muscular exercise in 
much greater extent than in healthy subject, sometimes leading to sudden 
death by acute insufficiency of blood circulation. It is of great interest to 
investigate, what kind of changes will be seen in. the blood protein by 
muscular exercise in this disease, in which the function of the blood protein 
regulating organs and the blood protein picture itself have been proved as 
abnormal. From this view-point a certain muscular exercise was given 
to malnutrition patients and the changes occuring in the blood protein 
were observed. 


Method of Experiments:—12 malnutrition patients entered in our hospital were 
selected as examinees, who developed the typical symptoms, namely oedema 
gauntness, depilation, anaemia, polyuria, pollakiuria and hypoproteinemia, 
etc., patients having complications such as beri-beri being carefully excluded. 
The examinees were layed on bed at least 30 minutes early in the morning, when 
the stomach was empty, then blood samples were taken from the cubital veins. 
The muscular exercise was given immediately afterward, namely “ standing 
running ” at a pace of 150 steps per minutes, lasting for 5 minutes. Bloods were 
taken in the same way immediately after muscular exercise, after 30 minutes, 
after 60 minutes and after 90 minutes. The blood protein concentration (%), 
‘the colloid osmotic pressure (mm H,QO), and the haemoglobin concentration 
(mg/dl) in each blood sample were estimated. Further, for the purpose of in- 
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ferring the ratio of albumin to globulin in the blood the colloid osmotic pressure 
per 1% of protein (per % pressure) was calculated. Blood protein was measured 
with Pulfrich’s immersion refractometer, colloid osmotic pressure by Krogh- 
Nakazawa’s method, haemoglobin concentration with Fleisch]-Miescher’s haemo- 
globinometer. 


EXPERIMENTAL. 
Results of Experimental. 


(1) The control experiments with muscular exercise on the healthy man. 
(Fig. 1) 

On 15 healthy men, chosen as control examinees, the same muscular 
exercise as for the malnutrition patients was given and the blood samples 
drawn in the same way were examined. The original values before mus- 
cular exercise on an average of 15 cases are as follows: blood protein 
7.9%, colloid osmotic pressure 370 mm H,O, colloid osmotic pressure per 
% protein (per % pressure) 47, hemoglobin concentration 14.0 mm,dl. 
Immediately after muscular exercise the blood protein content increases 
on an average 6.1%. per % pressure 2.1%, hemoglobin concentration 
5.7% of each original value. After 30 minutes all values show on the 
contrary decrease, after 60 or 90 minutes return{ng in general to the original 
level. 

The fact that the increase of blood protein content is a little greater 
than that of hemoglobin concentration in these experiments was recognized 
in the similar experiments of Nishiyama®®) and Miyamoto®); it signifies 
an increase of the absolute quantity of protein in the blood. Since further- 
more, the simultaneous increase of per % pressure means increase of the 
ratio of albumin to globulin in the blood protein, it is apparent that the 
absolute amount of albumin in the blood is also augmented. 


(2) Experiments with muscular exercise on the malnutrition patients. (Fig. 2) 


The patients investigated in the experiments belonged to the middle 
degree of this disease, and used to complain of general fatigue, especially 
feeling of stiffness in the leg from 2 or 3 minutes after beginning of running. 
In one case the patient complained moreover so severe feeling of oppresion 
in the chest, dyspnoea and general fatigue, that he fell down on the bed 
when the exercise finished. 

The original values before the muscular exercise are on an average as 
follows: blood protein content 6.9%, colloid osmotic pressure 269 mm 
H,O, per 1% pressure 39.0, hemoglobin concentration 9.7 mg/dl. The 
changes in these values after muscular exercise show peculiar curves 
compared with those of control experiments. 

Haemoglobin: The change in haemoglobin concentration im- 
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Fig. 1. Average values of 15 healthy examinees. 
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mediately after muscular exercise is greater than that of control experiments, ons 
being+6.4~+14% of the original values. Though the individual fluc- ure 
tuation is remarkable, it may be said that in the majority of the cases the thi 
ratio of increase is less than that of protein, or the haemoglobin content 
epegre : . me 
shows a marked diminution when the blood protein changes little. But ai 
there are some cases, in which the ratio of increase of haemoglobin im- the 
mediately after muscular exercise is greater than that of protein (3 cases), 
in another one case the same is noticed in the later stage. pre 
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Fig. 2. 5 case of malnutrition, 


Actual vafues 








Exercise 
H S C P i 
450 45+ 
—————— o. 
! Oy iy re 
400 40} é 
350 35}- 
h 
1s g a: 1 - yor in 
| i 
14 300 30} j 
13 8 A . 
72 250 25+ 
78 67 5 
10 . 
q 5 
Values in % 
+25/ . 
+20 f { p< oA 
. Nel cobs \ 
+75) : 
+70 - 
+5 - 
0 
itt. 








o’ 30’ 60” 90’ 
Heo————- Haemoglobin (™9/4; ) 
S——- Serum protein (% ) 
Ce--—-—+ Colloid osmétict pressure (mmi,0) 
+ Pecaicecs ¢ Per % pressure (mmH20) 


muscular exercise in a range of 10% to 16%, is afterward gradually les- 
sened, but without returning to the original value within 30 minutes as 
this is the case in healthy subject. In some instances (3 cases), it is aug- 
mented to the maximum after 30 or 60 minutes, then being reduced after- 
ward. In general, the recovery of the increased protein concentration to 
the initial level is delayed, in 6 cases it takes more than 90 minutes. 
Colloid osmotic pressure of the blood: The increase of colloid osmotic 
pressure of blood after muscular exercise is very marked, its ratio being 
15%~20% of the original value. In one case it reaches 80% above the 
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initial value immediately after the muscular exercise. But even in this 
case the absolute value of increased colloid osmotic pressure does not sur- 
pass 400 mm H,O, thus remaining within the mean value (403mm H,O) 
of healthy subject in the same phase. In one case a slight increase could 
be seen again after 60 minutes. On the whole the increased values do 
not recover within 90 minutes. 

Per % pressure: The per % pressure of blood protein rises immediate- 
ly after the muscular exercise also strikingly (2.29%~65%). In 6 cases 
it didn’t return to the initial value within 90 minutes. 





DiscussioN AND SUMMARY. 


In present investigation it has been demonstrated, that in mal- 
nutrition the blood protein, especially albumin concentration increases 
markedly by muscular exercise, It is necessary to explain the mechanisms 
of changes in blood protein after muscular exercise in healthy man, before 
we consider it in patient with malnutrition. Miyamoto*! attached im- 
portance to the changes of blood pH as the cause of increase of blood pro- 
tein, especially that of albumin by muscular exercise. Nishiyama,*® on 
the other hand, took a possibility into account that the function of blood 
protein regulating organs may not be enough to act in accomodation with 
a burden, which is suddenly charged on. Endo*®) suggested under the 
acidotic condition the blood globulin tends to increase while the blood 
albumin decreases. Kasugai?*) and Miura**) observed the same tendency 
in blood protein in case of oxygen deficiency. According to these investiga- 
tors the change of blood pH, namely the increase of hydrogen ion con- 
centration in the blood after muscular exercise will cause the reverse in 
the ratio of albumin to globulin in blood, so that we cannot help to think 
that the changes in blood protein pointed out in the present investigation 
are apparently due to other factor than blood pH. 

As related above, Endo confirmed that albumin comes out of the 
skeletal muscules in considerable amount during their contraction. On 
the other hand, the function of blood protein regulating organs, par- 
ticularly of liver is regarded as to house blood albumin in themselves and 
to discharge globulin into blood. Therefore, as soon as a lot of albumin 
are released from muscles by contraction into blood, the blood protein 
regulating organs will strive to house these albumins in themselves, so as 
to keep the colloid osmotic pressure of the blood constant. The facts 
observed in present experiments that the colloid osmotic pressure per °%, 
protein reduced temporarily in the time interval of 30 to 60 minutes after 
the ended muscular exercise suggests that albumin diminishes and globulin 
increases relatively during this phase. This is apparently because the 
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exaggerated function of those blood protein regulating organs survives 
for a time, thus, after the muscles cease to release albumin, the latter is 
taken into the regulating organs completely, even so excessively fhat al- 
bumin diminishes under the original level, and on the other hand globulin 
increases relatively. When the exaggerated function recovers successively, 
the changed blood protein returns to the original value. Thus, the 
changes in blood protein by muscular exercise are caused by two functions, 
one being the release of fine disperse protein particles of albumin class 
from muscles into blood, the other the intake of those released albumiris 
into the liver and other regulating organs and the discharge from the 
latter of large protein particles of globulin class into the blood. Con- 
sidering from this point of view the case in malnutrition, it may be pointed 
out, first of all, that in this deficient nutritional condition severe changes 
in the blood protein regulating organs are confirmed by autopsy,” es- 
pecially atrophy and degeneration of liver cells, also oedematous dilata- 
tion of Disse’s cavity in this organ, similar to that in case of pepton shock. 
It is ascertained, that those changes belonging to serous inflammation 
can also be seen in other organs. In this disease, therefore, as a result 
of the deficient supply of protein and the insufficient blood protein re- 
gulating function of liver and other organs caused by it the blood protein, 
especially its albumin fraction is reduced, while globulin fraction uses to 
stay unchanged or rather slightly increases, thus causing so called shift to 
the left in the protein picture. If the loading of muscular exercise is 
forced on the patient, those organs, due to the impairment of their pro- 
tein regulating function, can not only house the protein of albumin class 
completely in themselves, but also will discharge even the stored one in 
a vast quantity from them into the blood. 

In malnutrition, it is ascertained that creatin output in urine is in- 
creased, suggesting the existence of some abnormal protein metabolism in 
muscles,25) Yoshimura®® observed output of phosphoric acid is also exag- 
gerated especially remarkably after muscular exercise. These facts in- 
dicate abnormal metabolism in muscular tissues during the muscular 
exercise, by which albumin particles in a great amount are released from 
muscles into the blood stream, whilst the functional insufficiency of the 
blood protein regulating organs causes incomplete housing of them, thus 
giving rise to such a remarkable increase of blood protein, especially that 
of albumin class, as was related above. 

In present experiments it has been pointed out, that the changes in 
blood concentration by muscular exercise show an interesting course. In 
malnutrition the autopsy” suggests the existence of serous inflammation in 
vascular capillaries all ovér the body, and in severe cases leakage of red 
blood cells through the capillary walls. Maase?? attributed the essential 
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cause of hunger oedema to the augmented permeability and injured water 
resorbence of capillary walls. Hatafuku®® found in fasting increased 
affinity*of tissues to water. In healthy person also, after the muscular 
exercise blood water transfers into tissues, giving rise to temporary blood 
concentrating. Acidosis due to muscular exercise causes rise of oncotic 
pressure of the tissues?®? and increased permeability of capillary walls 
followed by transfer of blood water into the tissues.*~*") In malnutrition 
the blood reaction is inclined to acidosis and the lactic acid content of 
blood is augmented. Kajiwara*) observed that the blood lactic acid 
level is elevated remarkably after muscular exercise. He has esti- 
mated in our Laboratory the lactic acid content of blood in the same 
patient under the same condition as in the present investigation at rest 
and after muscular exercise and found its remarkable increase and delayed 
recovery after exercise in comparison with healthy person. Thus, it is 
beyond doubt, that in malnutrition above mentioned factors give rise to 
the marked increase of blood concentration after muscular exercise. 

There could be observed two types of the changes in blood concentra- 
tion in the course after the muscular exercise. In one type the blood 
remains concentrated relatively long time (6 cases) and in the another 
type the concentration of the blood is followed by intensive dilution (6 
cases). The first type is seen in the experiments performed in cold season, 
and the second in ones performed in hot season. Among the clinical 
symptoms of our examinees oedema is intensive in summer and slight in 
winter. The first type may presumably be due simply to continued 
acidosis. As to the second type on the other hand, there is a marked 
tendency to oedema with a lot of tissue fluid between tissue cells and 
during the muscular exercise tissue cells take water from this tissue fluid for 
a while, the blood water begins to participate later in this water movement, 
when the transfer of water from tissue fluid reaches to some extent. Hence 
in this type the concentration of blood is less intense than in the other 
type, in the following. stadium a vast quantity of water from tissue fluid 
comes into the capillaries causing an intense blood dilution. 

In present expériments it is sometimes noticed that the ratio of in- 
crease of blood concentration after muscular exercise is greater than that 
of blood. protein, a fact which is not obersved in healthy person. It is 
perhaps because a great amount of blood water goes out rapidly through 
capillary walls. 


CONCLUSIONS. 


In present study, in which the changes in the blood protein and blood 
concentration by muscular exercise in malnutrition patients and healthy 
persons were investigated, it has been ascertained that there is an abnor- 
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mality in intermediate blood protein metabolism in malnutrition, as 
follows. 

(1) In healthy man the blood protein, especially that of albumin 
class, increases temporarily immediately after muscular exercise, but is 
reduced soon afterward under the original value, whereby again the 
diminution of albumin particles is predominant. , 

(2) In malnutrition the increase of protein, especially that of al- 
bumin class, by muscular exercise is remarkably exaggerated, compared 
with that in healthy person and the recovery to the original value is ap- 
parently delayed. Those changes indicate the discharge of albumin par- 
ticles in a vast quantity from muscular tissues into the blood during their 
contraction on one hand, and the latent insufficiency of the blood protein 
regulating organs such as liver, on the other hand, which cannot house 
the protein particles fully in themselves, especially of albumin class. It is 
suggested that in malnutrition there is some functional disturbance in the 
blood protein regulating organs. 

(3) Itis also confirmed by the experiments with loading of muscular 
exercise, that this disease manifests remarkable functional changes in the 
capillary walls for water metabolism. This is obvious from the fact that 
intense concentration of blood immediately after muscular exercise is often 
observed and that following on it a marked blood dilution may come on 
due to immense water transsudation from tissue into capillaries. 
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It is well known that arecoline and nicotinic acid amide (NAA) are 
somewhat allied in chemical structure, the former being toxic, the latter 
not. As Hosoya®) has shown, arecoline can accelerate the regeneration 
of the visual purple in the frog and improve dark adaptation in man. It is 
therefore of great interest to test the effect of NAA on dark adaptation. 
Our experiments are described, and the results given below. 


EXPERIMENTAL. 


Methods: Nagel’s adaptometer®) was used for the measurements of 
dark adaptation. The procedure involves: 1. light adaptation of the 
subject to 200 millilamberts for 15 minutes; and 2. measurements of the 
threshold of sensitivity (during subsequent darkness and at intervals of }— 
5 minutes) by directing flashes of white Jight onto a retinal area 3° in 
diameter, situated 13° above the fovea. The subject rotates with his hand 
on the adjusting wheel of the adaptometer until he no longer perceives 
light; the degree of light intensity at that time, i.e. the just imperceptible 
intensity after a certain time in the dark, is shown on the scale of the dia- 
phragm of the adaptometer. The time in the dark is given in minutes, 
and the threshold is given as the logarithm of the brightness in micro- 
microlamberts. The measurements were made on both eyes and the 
experimenters acted both as recorders and subjects. 

Results: Before testing the effect of NAA on dark adaptation, con- 
trol experiments were made for comparison. The subjects were first 
allowed to practice the use of adaptometer until they were well-acquainted 
with the instruments. The mean value of 5 control experiments of each 
subject is given in Table I. Among the 3 subjects, Y.H., who was the 
best dark adaptor, registered the lowest threshold value, M.T.P. showed 
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TABLE I. 


Average of 5 Control Measurements of Dark Adaptation for 
Subject Y.H., M.T.P. and H.S.F. 












































Time Log. intensity (ye 1.) 
dark Subject Y.H. Subject M.T.P. Subject H.S.F. 
(min.) 
average range average range average rangee 
% 6.71 6.68-6.73 6.68 6.61-6.72 6.11 6.07-6.14 
1 6.06 5.97-6.16 6.29 6.25-6.35 5.70 5.67-5.73 
3 5.74 5.72-5.76 5.79 5.78-5.80 || 5.29 528-532 
5 5,52 5.47-5.55 5.74 5.73-5.76 5.03 4.96-5.09 
8 4.78 4.72-4.84 5.35 5.33-5.38 4.27 4.22-4.30 
10 4.20 4.19-4.33 4.81 4.77-4.88 3.99 3.94-3.99 
15 3.40 3.36-3.44 4.25 4.23-4.27 3.16 3.14-3.18 
20 2.97 _ 2.94-2.99 3.91 3.88-3.94 3.08 3.05-3.09 
25 2.80 2.76-2.83 3.60 3.56-3.64 2.96 2.95-2.99 
30 2.58 2.55-3.62 3.49 3.46-3.52 2.89 2.85-2.92 
35 2.38 2.33-2.44 3.18 3.17-3.19 2.80 2.77-2.82 
40 2.32 2.30-2.34 3.15 3.14-3.16 2.71 2.69-2.73 
45 2.19 2.16-2.24 
50 2.18 2.16-2.20 




















the highest value and H.S.F. the intermediate one. It is found that after 
the single dose of NAA (oral administration of 250-500 mg.), the subject 
always showed some improvement in dark adaptation, no matter whether 
the original adaptation of the subject was good or bad. The minimal 
effective dose was different in different individuals, for instance: with 
M.T.P. with an intake of 250 mg. of NAA showed no improvement at all, 
while with H.S.F., there was only a slight or no effect; but with Y.H., a 
remarkable response was observed. The duration of the effect also varied 
in different individuals, ranging from 5 to 24 hours. After 24 hours, the 
effect became very weak. The results are given in Tables II to IV. 

In 1939, Stewart® reported that after the oral administration of 
vitamin C, the subject also showed an improvement in dark adaptation; 
but according to our experience, the effect of vitamin C (purity 96%) was 
only slight and transient. It lasts about 1-2 hours. If vitamin C was 
given in addition to NAA, the combined effect on dark adaptation was 
stronger and more prolonged than when either were given singly. Actual 
data are shown graphically in Figures 1 to 3. 

It is well known that dark adaptation proceeds in two stages. In the 
first, it is very rapid, short in duration and adaptability is low; and in 
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TaBLeE II. 
The Effect of NAA Intake on Dark Adaptation for Subject Y.H. 
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Time Log. intensity (pp 1.) 
dark Time after 250 mg. of NAA intake (hr.) 
(min.) Control 
1} 7} 244 1} 243 | 323 | 14 | Ty | 24 
a 6.71 6.67 6.59 6.66 6.72 6.66 6.66 | 6.65 | 6.67 | 6.70 
1 6.06 6.07 6.87 6.01 6.11 6.07 6.07 5.99 | 6.02 | 6.12 
3 5.74 5.70 5.70 5.72 5.72 5.69 5.69 5.72 | 5.71 | 5.76 
5 5.52 5.51 5.41 5.47 5.55 5.47 5.42 5.39 | 5.42 | 5.53 
8 4.78 4.57 4.45 4.53 4.64 4.77 4.64 4.61 | 4.59 | 4.74 
10 4.20 4.09 4.13 4.10 4.16 4.19 4.06 4.06 | 4.12 | 4.19 
15 3.40 3.19 3.17 3.29 3.10 3.17 2.99 2.81 | 3.06 | 3.23 
20 2.97 2.85 2.84 2.97 2.86 2.84 2.89 2.78 | 2.91 | 2.97 
25 2.80 2.60 2.67 2.85 2.66 2.67 2.63 2.70 | 2.69 | 2.80 
30 2.58 2.31 2.47 2.64 2.36 2.39 2.52 2.42 | 2.47 | 2.61 
35 2.38 | 218 | 225 | 236 | 195 | 229 | 231 | 219 | 2.12 | 2.39 
40 2.32 || 1.93 1.95 2.23 || 1.94 1.98 2.23 1.99 | 2.06 | 2.23 
i! | Tn 
45 2.19 1.76 1.86 2.12 1.77 1.90 2.18 | 1.91 | 2.03 | 2.16 
50 2.18 | 1.77 1.85 2.10 | 1.65 1.91 2.18 | 1.87 | 2.03 | 2.13 
TaBveE III. 
The Effect of NAA Intake on Dark Adaptation for 
" Subject M.T.P. 
Time Log. intensity (jy 1.) 
dark Time after 500 mg. of NAA intake (hr.) 
(min ) Control 
‘ 28 54 1.0 5} 242 1} 73 26} 
} 6.68 6.66 6.67 6.72 6.70 6.68 6.63 6.69 6.67 
1 6.29 6.27 6.32 6.29 6.32 6.32 6.18 6.29 6.25 
3 5.79 5.77 5.79 5.79 5.80 5.79 5.73 5.78 5.78 
5 5.74 5.72 5.73 5.73 5.76 5.75 5.67 5.73 5.70 
8 5.35 5.29 5.34 5.28 5.26 5.31 5.19 5.31 5.20 
10 4.81 4.65 4.76 4.64 4.69 4.67 4.63 4.69 4.74 
15 4.25 4.18 4.24 4.17 4.16 4.21 4.18 4.19 4.27 
20 3.91 3.85 3.86 3.72 3.76 3.91 3.79 3.77 3,91 
25 3.60 3.59 3.53 3.51 3.47 3.59 3.46 3.50 3.66 
30 3.49 3.40 3.50 3.32 3.33 3.47 3.28 3.35 3.39 
35 3.18 3.16 3.19 3.12 $18 3.17 3.10 3.14 3.14 
40 3.15 3.14 3.18 3.10 3.10 3.14 3.07 3.10 3.14 
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TABLE IV. 


The Effect of NAA Intake on Dark Adaptation for 
Subject H.S.F. 





Log. intensity (py 1.) 





























Time 
> aoe Time after 500mg. of NAA intake (hr.) 
(min.) Control 
1} 6} 2433 19 78 ~=263 | 1} 72 24 
3 6.11 5.91 5.91 6.12 6.11 6.12 6.19 6.09 6.16 6.14 
i | 5.70 5.64 5.55 5.72 5.68 5.71 5.73 5.70 5.72 5.71 
3 | 5.29 5.19 5.21 5.36 5.33 5.33 5.38 5.31 5.33 5.32 
5 | 5.03 4.55 4.84 4.93 4.89 4.86 5.09 491 499 491 
8 | 4.27 4.19 4.25 431 4.21 4.28 431 4.29 4.27 4.23 
10 | 3.99 3.73 3.81 3.93 | 3.90 3.74 3.94 385 3.91 3.91 
15 | 3.16 3.06 3.10 3.14 3.08 3.09 3.12 3.07 3.13 3.1 
20 | 3.08 2.95 3.02 3.08 3.01 3.00 3.03 2.94 3.04 3.10 
25 | 9.96 2.81 2.91 2.93 2.90 2.91 2.95 2.89 2.90 2.89 
30 | 2.89 2.78 2.77 2.86 2.73 2.82 2.88 2.75 2.78 2.78 
35 | 2.80 2.62 2.69 2.76 2.67 2.71 2.74 2.67 2.67 2.74 
40 | 2.71 2.55 2.63 2.72 261 2.64 2.72 2.60 2.61 2.63 








the second, it is slow, prolonged and high. The first stage is concerned 
with cone function (cone adaptation); the second with rod function (rod 
adaption)’. From thé forgoing experiments, we found that after either 
a single dose of NAA, or of vitamin C, or after a combined dose of NAA 
and vitamin C, the improved effects were mainly on the rod adaptation 
but whether the cone adaptation is effected or not is doubtful. 


SUMMARY. 


In this study we have found that the oral administration of NAA 
produced an improvement in rod dark adaptation. The duration of the 
effect and the minimal effective dose varied in different individuals. Al- 
though vitamin C has a similar effect, yet this was only slight and transient. 
The combined effect of, NAA and vitamin C on rod adaptation was stronger 
and more prolonged than either singly. 


The authors wish to.express their indebtedness.to UNRA for the generous 
supplies of nicotinic acid amide used in these experiments. 
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Fig. 3. The effects of NAA and vitamin 
C on dark adaptation for subject H.S.F. 
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Recent advances of aviation have facilitated flying enormously and 
require of every aviator a normal, or a better than normal, scotopic vision 
for flying at night and dusk. It is, therefore, not surprising that more 
attention is being paid to the ability of dark adaptation of aviators. In 
1942, for instance, Flynn?) has described a convenient clinical test for dark 
adaptation which, to his mind, every aviator should pass. We have 
engaged in the study of certain substances which can improve dark adapta- 
tion and the present communication is limited to choline. 


EXPERIMENTAL. 


Method: The measurements of dark adaptation were made with 
Nagel’s adaptometer,® the test field of it being circular and subtending a 
visual angle of 3 degrees. Above it was situated a small red light. With 
one’s gaze fixed on this light, the image of the test field fell 15 degrees above 
the subject’s fovea. Both eyes of the subject were first exposed to a light 
of 200 millilamberts for light preadaptation for 15 minutes. The subject 
then stayed in the dark and was tested for dark adaptation by manipulating 
the adjusting wheel of the adaptometer at desired time intervals for the 
just imperceptible light intensity, the reading of which being taken in 
micromicrolamberts (yu 1.) from the scale of the diaphragm of the ad- 
aptometer directly. The source of light for the light preadaptation ap- 
paratus and the adaptometer was supplied by a steady and constant 100 v. 
battery. 

Results: Three normal and healthy male subjects—subject H. 
weighed 49, P. 54 and F. 60kg., varying in age from 33-52 and thoroughly 
trained in the experimental procedure—were stydied, the average and 
range of 5 control measurements of éach subject being given in Table I. 

Then we studied the effect of choline per os on dark adaptation and 
found that, notwithstanding the original individual scotopic vision, 3 gm. 
of choline hydrochloride per os improved the dark adaptation of all three 
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TABLE I. 
Average of 5 Control Measurements of Dark Adaptation 
for Subjects H., F., & P. 
The just imperceptible light intensity was converted into logarithm. 
| Log. Intensity (pu 1.) 
Time | 
in dark | Subject H. Subject F. I Subject P. 
(min.) i 
| Average Range | Average Range | Average Range 
_ ee |} | 
1 | 603 599-609 | 573 | 567-576 | 6.24 6.16-6.29 
2 | 587 5.83-5.88 | | | 
Te cattnactianiaatelll i eae a a Pe 
3 | | 5.32 | 5.30-5.35 |. 5.77 5.73-5.79 
5 | 5.52 551-552 | 494 | 490498 | 5.69 | 5.65-5.72 
| i| Bilt \j a AS 3 ae? 
= sts Bw tt {} 
8 | 4.83 4.77-4.93 | 4.27 425-431 | 520 | 5145.24 
10 | | 3.97 3884.01 | 4.59 4.47-4.64 
enna Sesmtitstieide a 
11 3.96 3.88-4.03 | 
Is | 3.27 3.21-3.36 | 3.10 3.06-3.13 i 4.17 4.13-4.20 
2 «| 2091 2.87-2.97 3.03 3.01-3.05 | 3.74 3.70-3.80 
25 || 2.77 2.65-2.84 | 291 288-292 | 3.43 3.42-3.45 
{ eres i wines tntnenieio 
30 || 2.56 2.49-265 | 2.79 2.78-2.80 | 3.30 3.29-3.31 
35 «| | 2.73 2.69-2.76 | 3.12 | 3.12-3.13 
| i bled ocd pret heat peck oee dope ose 
40 | 2.23 2.20-2.33 | 2.70 2.67-2.73 || 3.11 |  3.10-3.11 
|} ee PE eds Be co «ant, lle mented bof <5 la 
50 2.18 2.16-2.21 | | | | 
subjects. e improved effect, however, varied in different individuals. 
bjects. Th p d effect, h ’ d in different individual 


Subject H. showed greater improvement than subject P. or F. The effect 
commenced about one, hour after the choline hydrochloride intake and 
lasted about 24-31 hours as in Table II and also Figure 1. 
choline per os produced a similar but slightly weaker effect with a shorter 


duration of only 5 hours (Table III.). 


Two gm. of 


Except for transient and slight increase of salivary secretion after its ad- 
ministration, no side action of the drug ‘was noted. 


Discussion. 


In a recent paper of Hosoya* evidence has been presented that the 
regeneration of visual purple in frogs and toads was accelerated by the 
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TABLE III. 


The Duration of the Effect of Choline HCl Intake on 
Dark Adaptation. 





























Subject Dose (gm.) | Duration (hrs.) 
20 | 5 
H. 
3.0 31 
2.0 5 
F. 
3.0 25 
2.0 5 
P. mae 
3.0 24 
6 6r o— Control 7r 







o-0 74% (Sub. H.), . 
5/6 (F)and 80 hes, 

(P.) after 3.0.gm, of © 
Choline Hel intake 
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Fig. 1. The effect of choline HCI intake on dark adaptation for subjects H., F. & P. 








administration of acetylcholine hydrochloride. Recently Hwang and Hoso- 
ya®) have noted that choline hydrochloride has a similar effect. Our results 
show definitely the improvement in dark adaptation with choline hydro- 
chloride in man. There is no question that the regeneration of visual 
purple is related to the ability of dark adaptation, but we believe that the 
improvement in dark adaptation does not necessarily depend upon the 
speed of visual purple regeneration completely. Nicotinic acid amide and 
vitamin C, for example, have been found to improve dark adaptation!®)®) 
without accelerating the regeneration of visual purple”). It is, however, 
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apparent that improved dark adaptation will certainly be beneficial to 
night flying. 


SUMMARY. 


(1) Choline hydrochloride per os improves dark adaptation in 
normal man. 

(2) The said effect appears about one hour after the intake and 
lasts some 5 hours after 2 gm. and 24-31 hours after 3 gm. of choline 
hydrochloride. 

(3) There is no side action except for transient and slight salivation 
after choline hydrochloride intake. 

(4) The relationship between the speed of visual purple regenera- 
tion and the ability of dark adaptation is discussed. 
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It is well known that dark adaptation proceeds in two stages. The 
first commences very rapidly and is over in a few minutes (cone or foveal 
dark adaptation), while the second is late in starting (rod or peripheral 
dark adaptation)? Within the last forty years those who have been 
engaged in the study of dark adaptation of the human eye have given 
more attention to the rod phase than to the cone phase. Consequently 
very few contributions are to be found on the study of the latter. Asa 
matter of fact the study of cone or foveal dark adaptation is just as im- 
portant as that of rod or peripheral dark adaptation. For example, in 
night flying, immediately after taking off from a brightly illuminated air- 
drome, the aviator depends upon cone dark adaptation for rapid visualiza- 
tion of surrounding objects. The present communication deals with the 
effects of the following drugs on both phases of dark adaptation after 
oral administration: 1. Strychnine nitrate (SN.); 2. Pilocarpine hydro- 
chloride (PH.); 3. Arecoline hydrochloride (AH.); 4. Nicotinic acid 
(NA.); 5. Nicotinic acid amide (NAA.); 6. Vitamin C (VC). 


EXPERIMENTAL. 


Methods: Nagel’s adaptometer”’ was used for measurement of dark 
adaptation. The test field of the adaptometer was 2cm. in diameter. A 
red filter (>650 my) was placed on the test field. A small point of red 
light for a fixation point was placed just within the upper margin of the 
test field. In order to keep the intensity of the starting light adaptation 
apparatus constant and uniform, a special opal glass with reflecter (dia- 
meter 35cm.) was placed just beside the adaptometer. This glass was 
illuminated from behind by a 200 W. day light lamp (100 V.). _ Its illumi- 
nation intensity at the subject’s seat was 2000 Lux. The light sources of 
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the adaptometer and the starting light adaptation apparatus were supplied 
by a 100 V. D.C. in our own laboratory. Thus we were able to keep 
the light intensity quite constant. 

Measurements were made on both eyes simultaneously,. The pro- 
cedure was as follows: First, the subject’s eyes were exposed to the starting 
light adaptation for ten minutes. Then as he remained in the dark with 
his hand on the adjusting wheel of the adaptometer the subject made wheel 
readings at intervals of 1-4 minutes to indicate the point at which light 
became just imperceptible. Based upon the Nagel’s tables,” the relative 
stimulation intensity was obtained. For the sake of threshold fluctuations, 
all values of the relative stimulation intensity were represented by loga- 
rithms. The first part therefore was concerned with measurement or cone 
dark adaptation, a similar procedure was employed for the determination 
of the relative stimulation intensity for rod dark adaptation, with four 
differences: (a) The red filter was removed. (b) The duration of light 
preadaptation was 15 minutes instead of 10 minutes. (c) The small point 
of red light was placed 13 cm. above the test field. Thus the image of the 
test field fell 13° above the subject’s fovea. (d) The diameter of the test 
field was increased to 3 cm. 

Subjects H. and F. under study were healthy and strong men. Sub- 
ject H, weighed 49 Kg. and was 52 years of age. Subject F. weighed 
60 Kg. and was 35 years of age. They were first allowed to practice the 
use of Nagel’s adaptometer until they were familiar with the apparatus. 
The average of 5 control experiments of each subject is given in Table I. 


Results :...Strychnine nitrate (SN): There is evidence of steady im- 
provement in cone dark adaptation after oral intake of SN. differing with 
the two subjects. Subject H. after having taken 3.5 mg. of SN. showed 
greater improvement in cone dark adaptation than subject F., who had 
taken 5 mg. of the same drug. The duration of the effect of the drug 
lasted about 7-8 hours. The results are given in Tables IT and III, and 
in Fig. 1. 

In 1907, Wélfflin’® reported that SN was quite useful for the improve- 
ment on rod dark adaptation, but this was denied by Mandelbaum.® 


The present experiment also shows no effect on rod dark adaptation (Fig. 


2). 


Pilocarpine hydrochloride (PH): This drug had no effect on 
cone dark adaptation (Fig. 3), but it gave some improvement in rod dark 
adaptation (Fig. 2). The improvement did not last very long, usually 
disappearing four to five hours after oral administration of 10mg. Fur- 
thermore, numerous side actions such as sweating, belching, rhinorrhea 
and nausea made use of the drug intolerable to the subjects. 
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TaBre I. 


Average of 5 Control Measurements of Cone and Rod Dark 
Adaptation for Subjects H. and F. 






















































































Log. intensity 
Time — a: 
fie Cone dark adaptation Rod dark adaptation 
ar Subject H. Subject F. Subject H. Subject F. 
. | average range average range average range average range 
1 | 7.34 726-74 7.46 | (7.43-7.52)| 685 | (6.75-694)| 6.48 | (6.46-6.54) 
2.| 7.08. | (703-7.24)| 7.30 | (7.26-7.33)| 6.64 (056-668) 
3 | 681 (678-683 7.08 | (7.06-7.12)| 653 | (6.51-6.55)| 6.07 | (6.06-6.11) 
5 | 681 | (6.78-685)| 7.07 | (7.03-7.15)| 6.30 26-634) 5.82 | (5.75-5.88) 
7 | 681 | (678-685)| 7.08 | (7.01-7.15) 
8 5.57 | (5.51-5.64)| 5.06. | (5.00-5.09) 
9 | 6.78 | (6.78-6.83)| 7.09 | (7.02-7.13) 
10 4.99 | (4.97-5.02)| 4.77 | (4.72-4.78) 
11 | 681 (676-683 7.09 | (7.05-7.15)| 4.74 | (4.66481 
is | 681 | (6.78-683)| 7.08 | (7.00-7.12)| 4.19 4144.23) 3.94 | (3.93-3.96) 
_ 20 | 3.76 | (3.73-3.78)| 3.87 | (3.84-3.88) 
25 | | 3.59 | (3.54-3.63)| 3.75 | (3.74-3.78) 
30 | 3.37 | (3.34-3.41)| 3.68 | (3.64-3.71 
35 | | 317 |(311-323)| 358 | (356-3615 
40 | 3.11 | (3.09-3.13) (3.47-3.52) 
45 | 2.98 | (2.95-3.03)| 3.50 
50 | 2.96 | (2.94-2.9) | 

















Arecoline hydrochloride (AH.): No effect on cone dark adapta- 
tion was observed after oral administration of 3-5 mg. (Fig. 3). A decided 
effect was noted on rod dark adaptation lasting six to seven hours (Fig. 4). 
Hosoya*) was the first one to make an extensive study of rod dark adapta- 
tion after AH. intake. 


Nicotinic acid (NA.): No effect upon either cone or rod dark 
adaptation was observed. Specific data are given in Figs. 4 and 5. Sensa- 
tions of heat and itching of the skin followed its use, besides the general 
discomfort throughout the body. 


Nicotinic acid amide (NAA.): In Table IV, we note the good 
effects of NAA. on cone dark adaptation. The average values of 3 tests 
made 70 minutes after oral administration of NAA. are shown graphically 
in Fig. 6 for comparison with the control values. 

Table V and Figure 7 show the effect of NAA. on rod dark adapta- 
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Taste II. 


The Effect of SN Intake (3.5 mg.) on Foveal Dark 
Adaptation for Subject H. 












































Time Log. intensity 
= Time after strychnine nitrate intake (hr.) 
dark 
(min.) Control 
1g | 23 | 5§ | 8.0) 243] 14 | 23 | Gh | 8B | 248 || 14 | 2h | 49 | 8.0 |2 5 
oun 
1 7.34 | 7.20) 7.27) 7.23) 7.20) 7.26} 7.15) 7.19) 7.23) 7.23) 7.35)| 7.20) 7.20) 7.20) 7.16) 7.30 
2 7.08 | 7.08| 7.08} 7.03) 7.00) 7.08) 7.06} 7.02| 7.02) 7.12) 7.11|| 7.09) 6.94) 7.02) 7.06)-7.18 
3 6.81 | 6.64| 6.51) 6.53) 6.64) 6.75)| 6.60) 6.51) 6.49) 6.52! 6.741) 6.57) 6.45) 6.45) 6.51] 6.75 
5 6.81 | 6.62) 6.51) 6.51) 6.64) 6.75) 6.62! 6.51) 6.51| 6.53) 6.75)| 6.56) 6.45) 6.45) 6.49) 6.72 
7 6.81 | 6.60) 6.49) 6.51) 6.60) 6.72|| 6.60| 6.51) 6.49) 6.52) 6.75)| 6.57| 6.45) 6.45) 6.51) 6.75 
9 6.78 | 6.62) 6.51) 6.51) 6.62) 6.72|| 6.59| 6.51) 6.51| 6.53) 6.75) 6.56] 6.43) 6.45) 6.49) 6.75 
11 6.81 | 6.60) 6.51) 6.51) 6.60) 6.75)| 6.60) 6.52) 6.49) 6.52) 6.74)| 6.57| 6.45] 6.45) 6.51) 6.75 
15 6.81 | 6.60) 6.51) 6.51) 6.63) 6.72 6.60 6.51) 6.51 6.53 6.74 6.56 6.43) 6.43) 6.49) 6.75 



































TABLE III. 


The Effect of SN Intake (5.0 mg.) on Foveal Dark 
Adaptation for Subject F. 
































Time Dog. intensity 
dark Time after strychnine nitrate intake (hr.) 
(min.) Control 
1} 41 7h | «6249 1} 43 | 80 | 243 | 14] 58 | 72 | 24.0 
1 7.46 | 7.38 | 7.34 | 7.39 | 7.35 || 7.28 | 7.35 | 7.37 | 7.34 || 7.35) 7.34! 7.38 743 
2 7.30 | 7.18 | 7.11 | 7.15 | 7.19 || 7.14 | 7.18 | 7.16 | 7.20 || 7.13) 7.17] 7.23) 7.24 
3 7.08 | 6.91 | 6.93 | 6.94 | 6.98 || 6.91 | 6.96 | 6.94 | 7.03 | 6.89) 6.94/ 6.92! 7.01 
5 7.07 | 6.90 | 6.93 | 6.97 | 6.96 || 6.91 | 6.94 | 6.99 | 7.03 || 6.83) 6.93) 6.91| 7.00 
7 7.08 | 689 | 6.90 | 6.96 | 7.01 | 6.90 | 6.94 | 6.92 | 7.02 || 6.85) 6.94) 6.94) 7.04 
9 7.09 | 6. 6.93 | 6.94 | 6.98 | 6.89 | 6.96 | 6.97 | 7.00 | 6.86) 6.94) 6.91) 6.98 
11 7.09 | 6.92 | 6.93 | 6.94 | 6.99 || 6.86 | 6.98 | 6.98 | 6.98 || 6.88) 6.94) 6.94). 7.03 
15 7.08 | 6.92 | 6.92 | 6.95 | 7.02 | 6.90 | 6.94 | 6.98 | 7.03 || 6.86) 6.89) 6.92)7.01 
































tion, lasting 6-24 hours, but its effect on cone dark adaptation lasts only 
4-5 hours. The effect of NAA. on the rod dark adaptation has also been 
demonstrated by Hosoya, Fang and Peng.® 


Vitamin C (VC.): No effect was noted upon cone dark adaptation 
(Fig. 5), but there was some improvement in rod dark adaptation (Fig. 7). 
In 1939 Stewart® reported that VC. was effective in improving rod dark 
adaptation. Its effect is so slight and of such short duration (}-2 hours) 
that VC. is an unimportant drug in dark adaptation. 

Table VI indicates the effects of all six drugs on cone and rod dark 
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Fig. 1. The effect of SN on foveal dark adaptation. 
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Fig. 2. The effects of SN and PH on rod dark adaptation. 
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Fig. 3. The effects of PH and AH on foveal dark adaptation. 
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Fig. 4. The effects of NA and AH on rod dark adaptation. 
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adaptation. The O and + denote no effect and improvement in dark 
adaptation respectively. 


Discussion. 


These experiments indicate that all of the drugs examined, except 
NA., bring about improvement in dark adaptation, SN. effects foveal 
adaptation, PH., AH. and VC. peripheral adaptation, and NAA., both 
foveal and peripheral adaptation (Table VI.): Such differences in the 
action of each drug seem to be of great interest from the view point of the 
duplicity theory, but we can not explain the effect of NAA. and SN. upon 
cone dark adaptation, as the nature of the photochemical process of cone 
adaptation is still not clearly known. In 1942, Hosoya*) showed that 
AH. and PH. accelerate the regeneration of visual purple in frogs, the 
former more effectively than the latter. Our experiments show cor- 
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TABLE IV. 
The Effect of NAA on Foveal Dark Adaptation for Subjects H. and F. 
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responding phenomenon in man 
with improvement in dark adap- 
tation (Figs. 2 and 4). We also 
found that NAA. and VC. have 
effect upon rod adaptation, but 
why there was no acceleration of 
regeneration of visual purple in 
frogs and toads*) we can not yet 
explain. Although NA. has no 
effect on cone and rod adapta- 
tion, yet its amide has. It is diffi- 
cult to determine all of the factors 
involved. We are holding for fur- 
ther consideration a study of the 
effect of SN. on foveal dark adap- 
tation. If the decrease of the re- 
sistance of the visual path after 
SN. intake is given as the reason 
for this phenomenon, we can not 
afford to say that SN. has no effect 
upon the rod adaptation, 

For practical purposes, VC. 
has slight effect upon rod adapta- 
tion and the duration of the effect 
is quite short. PH. has effect upon 
rod adaptation, but there are too 
many side actions. Hence, these 
two drugs are of no practical use. 
Though AH. is poisonous to a cer- 
tain extent, yet if used properly it 
will produce remarkable effect on 
rod adaptation. SN. is poisonous 
too. If we use it for improvement 
of cone dark adaptation for a short 
period of time, it is worth a trial. 
NAA. has no poisonous effect at 
all and it is a component of the 
vitamin B, complex. It has a good 
effect on both cone and rod dark 
adaptation. It is therefore of prac- 
tical value.. 
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TaBLeE VI. 
The Effects of Different Drugs on Dark Adaptation. 
Kinds of dark adaptation | | | NA | NAA vc 
Foveal adaptation + | o | o | 0 | + 0 
Peripheral adaptation | 0 | + | + | 0 | oH + 


Fig. 6. The effect of NAA on foveal dark adaptation. 
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SUMMARY. 


The following conclusions have been made on the effects of six drugs 


on cone and rod dark adaptation: 
(a) There is some improvement in cone dark adaptation after oral 








124 H, S. Fang 


administration of NAA. (250-500 mg.) ard SN. (3.5-5 mg.). 

(b) There is some improvement in rod dark adaptation after oral 
administration of NAA. (250 mg.—500 mg.), AH. (3.5-5 mg.), PH. (10- 
12 mg.) and VC. (200 mg.), (arranged in order of duration and strength 
of effect). 

(c) There is no improvement in either cone or rod dark adaptation 
after oral administration of NA. intake (250-500 mg.). 


The author wishes to acknowledge his indebtedness to Prof. Y. Hosoya for 
his guidance in carrying out these experiments. 
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By the aid of paper chromatography, Partridge’) pointed to the pre- 
sence of glucosamine, galactose and fucose in the A group substance from 
‘hog gastric mucin ’’, and Aminoff and Morgan? to that of glucosamine 
and chondrosamine in ‘“‘human A group substance’’,®) A and H sub- 
stances from “‘ pig gastric mucin ’’*) and H substance from human pseudo- 
mucinous cyst fluids. The latter authors insisted also the simultaneous 
involvedness of galactose in ‘‘ human A group substance.” The investigat- 
ors above gave no strict statement regarding their sources in some of those 
group substances, which, however, appears indispensable because the com- 
position of the polysaccharides belonging to the ABO system is not always 
the same among those from one species of animals and even among those 
from different parts of one organ (Cf. foregoing reports in this series of 
investigation). 

For the scrutiny of the components of individual group-substances 
the writer also took advantage of the new method. 

After comparison of several three component solvents, n-butylacetate- 
pyridine-water and n-butylacetate-acetic acid-water were found to be 
expedient to separate the spots of component sugars particularly those 
of glucosamine and chondrosamine from each other, so that these two 
solvents were adapted for the present experiments. Purified A group 
substance from pig stomach mucus proved to be devoid of chondrosamine, 
mannose and fucose although the last two sugars were detected in crude 
products. Of alcoholic deposits of concentrated human gastric juices from 
A, B and O persons, only the O substance-involving gave two spots cor- 
responding to glucosamine and chondrosamine and the others only one 
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corresponding to the former hexosamine alone, when the chromatagram 
was developed with the Elson-Morgan reagents. It was also substantiated 
by development with AgNO;-ammonia. Whether or not chondrosamine 
participates in making up the present O group specific carbohydrate will 
be settled by the substance in a pure form, which is now being prepared. 

Further by running with n-butanol-acetic acid-water (first run) and 
phenol-water (second run) and developing with ninhydrin the writer 
obtained a chromatogram of the above pure polysaccharide specimen from 
pig gastric mucus, which showed four spots corresponding to the expected 
positions of leucine or isoleucine, valine or methionine, proline and arginine 
in addition to glucosamine. 


EXPERIMENTAL. 
I. Examination of Several Three Component Solvents. 
a) Technique. 


Strips (28cm.x3cm.; the top end somewhat widened) of Toyo 
filter paper No. 2. were taken and the spot (diameter, 0.8 cm.) of sugar 
(some 0.02 cc. of 1% solution, whose pH had been adjusted to 5.8 with 
dilute H,SO,) was added from a semimicro pipette on a horizontal line 
ruled 2cm. from the bottom. Each of the papers was suspended in a 
glass tube (3.2 cm.x 30cm.) containing 7.0cc. of a solvent. The tube 
was then closed with a rubber stopper and kept at 19+1°C and, when the 
solvent front advanced 25cm. from the horizontal line, the stopper was 
removed and the paper dried in air. For the development AgNO,- 
ammonia (Partridge) and the Elson-Morgan reagents were employed. 


b) Solvents. 


Following mixtures were examined: 1) ethylacetate-pyridine-water 
and 2) ethylacetate-acetic acid-water (Jermyn-Isherwood®’), 3) butanol- 
pyridine-water (Chargaff et al®), 4) butanol-acetic acid-water (Partridge), 
5) amylalcohol-pyridine-water (Werner and Odin”), 6) n-butylacetate- 
pyridine-water and 7) n-butylacetate-acetic acid-water. 

Those other than the last two have been recommended as suitable for 
separating simple sugars. They were used here either strictly following 
the devisers as to the proportion of components or with some modification. 


c) Results. 


The results are given in Table I. 
Judging not only from the capability of separating the spots but also 
from the duration required therefor, the new solvents 6) and 7) are pre- 
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ferrable to the others. As Jermyn and Isherwood® noticed already, Rr 
of reducing sugars depends on the temperature delicately, although their 
relative separation remains unchanged, and hence it is beneficial to run 
a standard sugar mixture as a control. 


II. Chromatography of A-group Carbohydrate from Pig 
Stomach Mucus. 


1) Experiments regarding the sugar components. 
a) Technique. 


The chromatography was processed as above with following altera- 
toins: 1) a paper strip of different size (60 cm. x2.5cm.) was hung by 
means of a hook from the stopper of a long glass cylinder (63cm. x 3.0cm.) ; 
2) the horizontal line, 2.5 cm. from the bottom; 3) volume of the solvent, 
14 cc.; . 4) the solvent front allowed to move 40cm. from the horizontal 
line. In this case 0.2% ninhydrin solution in butanol was used as an 


additional developer. 
b) Materials. 


The group carbohydrate at various stages of purification were taken. 


Specimen I (Ch. I). The preparation “‘ Carbohydrate I”’ in the fourth report con- 
cerning the structure of the present carbohydrate®. 

Specimen II (Ch. II). 1 gm. of Ch. III (s. below), that had been obtained by the first 
stage operations to prepare Ch. I®, was dissolved in 4 cc. of water, removed from the in- 
soluble part by centrifugation and shaken with 15 volumes of commercial glacial acetic acid 
(96%) for 4 days (roém temp., 22-28°C). And the centrifugate was washed twice with 
5 cc. of the glacial acetic acid, five times with 94% alcohol and dried in a vacuum desiccator 
(HgSO,). It contained nitrogen (micro Kjeldah!) 4.05%, non-amino sugar as galactose 
41.24% (42.44% by the indole method, 40.03% by the orcinol method), hexosamine 41.32%, 
ash (micro method) 1.53%. Molisch and the indirect Osaki-Turumi tests positive. The 
direct Osaki-Turumi, biuret, and Rosenthaler and Oshima-Tollens (for methylpentose) 
reactions faint. It specifically inhibited A erythrocytes from isoagglutination at a dilution 
of 1:1C6. The method of the serological assay was the one hitherto employed by us. 

Specimen III (Ch. III). The crude product, which was employed for obtaining Ch. 
II. It analyzed: N (micro Kjeldahl) 6.11%, hexosamine 20.53%; ash (micro method) 
6.88%; All the qualitative tests used for the previous specimen resulted in positive. It 
showed the specific antiagglutinative potency at a dilution of 1: 5x 108. 


In all the cases but one, hydrolysis of the materials and subsequent 
preparation of the solution for chromatography was carried out as follows :— 


100 mgm. each from the specimens above were hydrolyzed with 5 cc. of 1 n. HzSO, in 
a small hard glass ampoule by heating for 5 hours in a boiling water-bath™. To the hydro- 
lysate, when cold, was added baryta, at first in the form of powder and then as the saturated 
solution, till pH 5.8. And the centrifuged supernatant liquid was decolorized with 0.2 gm. 
of active charcoal and the filtrate distilled in yacuo to about 2/3 the volume. From this 
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condensate 0.012, 0.013 and 0.002 cc. were respectively applied to the paper with a semimicro 
pipette. In the exceptional case (Fig. 4, d and e), where complete hydrolysis was aimed at, 
50 mgm. of Ch, I were heated in a boiling water-bath for 16 hours with 6n. HCI (under re- 
flux). The hydrolysate here was transferred to a porcelain dish and evaporated on a water- 
bath. The residue was further evaporated repeatedly with water to expel HCl as far as 
possible and finally dissolved in 5 cc. of water with following filtration. The filtrate was 
distilled (in vacuo) to about 0.5cc. and 0.0lcc. was taken for the chromatography. For con- 
trol runs 0.015 cc. each of sugar solutions was taken which were 1% with respect to each 


individual sugar. 
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Fig. 1. n-Butylacetate-pyridine-water 
(5:3; 1) chromatograms developed with 
AgNO,-ammonia (duration of test, 8.5 
h.; temp., 19+1°C). 

a: standard, b: Ch. I, c: Ch. II, 

a: Ch. III. 2: glucosamine, 3: 

galactose, 4: mannose, 5: rhamnose. 


c) Results. 


The colored areas that developed 
are exhibited diagramatically in Figs. 
1-4. They reveal that the present 
group substance involves no chondro- 
samine even in a crude state and 
neither mannose nor fucose when pure. 
The real sugar components of it are 
concluded to be glucosamine and galac- 
tose.. Furthermore, d and e in Fig. 
4 demonstrated that small quantities of 
ninhydrin-reacting substances were in- 
volved in Ch. I of the polysaccharides 
besides glucosamine. 


2) Experiments on amino 
acid components. 


To identify the probable amino 
acids, 0.12.cc. of the complete hydro- 
lysate of Ch, I was put on a square 
of the Toyo filter paper (25 cm. x 24 
cm.) (the spot: diameter 1 cm., center 
3.5cm. along the length from the bot- 
tom and 4.0 cm. from a side) and pri- 
marily run™ (ascending) with butanol- 
acetic acid-water (4:1:5). When the 
solvent front advanced 20 cm. from the 
start, the paper was dried in air and 
after cutting off the upper and lower 
0.5 cm,-wide margins the second run 


was effected similar to above, using phenol-water (4:1), in an atmosphere 
saturated with ammonia."?) The solvent was allowed to proceed 20cm. 
and thereupon, after drying, sprayed with the ninhydrin solution (Fig. 5). 
There appeared colored spots corresponding to the positions of leucine 
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Fig. 2. n-Butylacetate-acetic acid-water (3:2: 1) chromatograms developed with 
AgNO,-ammonia (duration of test, 16 h.; temp., 1921°C). 

a, bandc:standards, d:Ch.I, e:Ch.I+chondrosamine, f:Ch.II, g: Ch. III. 

1: chondrosamine, 2: glucosamine, 3: galactose, 4: mannose, 5: rhamnose. 


or isoleucine, valine or methionine, proline, arginine and glucosamine. 


III. Chromatography of Alcoholic Precipitates of Human 
Gastric Juice. 


Gastric juice was collected from persons belonging to Groups A, B 
and O and the alcohol-insoluble part was separately collected by the 
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Fig. 3. Parallel runs to those of Fig. 2 were developed with Elson-Morgan reagents. 
All the spots were pink-colored. 


procedure of Tiba et al.1*) The substances from A and B gastric juice 
inhibited the corresponding erythrocytes from isoagglutination at a dilu- 


tion of 1:104. 
100 mgm. of them were-subjected to H,SO,-hydrolysis and follow- 


ing processes to make the solutions for the test as described in II, 1), but 
the condensation of the decolorized. filtrates was continued until the 
volume was reduced to about a half, and 0.015 cc. applied to adding a 
spot. The chromatographic data (s. Figs. 6 and 7) indicated that the 
substances examined involved glucosamine, mannose, galactose, a pentose 
and probable t-fucose in common and the one from O gastric juice 


chondrosamine besides. 
SUMMARY. 
1) Pure A group carbohydrate from pig stomach mucus possesses 
glucosamine and galactose as the sugar component molecules but neither 


mannose nor fucose nor chondrosamine. 
2) The above preparation of the sero-reactive polysaccharide in- 


volved leucine or isoleucine, valine or methionine, proline and arginine 
but no amino acids else. 

3) A- and B-group carbohydrates from human gastric juice have 
no chondrosamine in their molecule, but the alcohol-insoluble matter of 
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O gastric juice gave a chromatogram showing a spot corresponding in 
position to chondrosamine. 


Through the Grant Committee of the National Research Council was given 
from the Education Department a grant to defray the costs of this work which is 
gratefully acknowledged. H. Masamune. 
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Fig. 4. n-Butylacetate-acetic acid-water (3:2: 1) chromatograms developed with 
0.2% ninhydrin in butanol (duration of test, 16 h.; temp., 19+1°C). 

a and b: standards, c:Ch.I, d: a complete hydrolysate of Ch. I (see the text), 

e: d+chondrosamine. 1: chondrosamine, 2: glucosamine. 
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Fig. 5. Butanol-acetic acid-water/phenol-water chromatogram of the complete 
hydrolysate (s. the text) of Ch: I developed with ninhydrin (temp., 19+1°C). 

1: glucosamine, 2: leucine or isoleucine, 3: valine or methionine, 4: proline, 

5: arginine. 
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Fig. 6. n-Butylacetate-acetic acid-water (3:2: 1) chromatograms developed with 
AgNO;-ammonia (duration of test, 16 h.; temp., 191°C). 

aand b: standards, c,d and e: materials from A, B and O gastric juice respectively. 

1-5 signify the corresponding numbers in Fig. 1. 


10) 4 hours’ hydrolysis with 2 n. HgSO, was also tried but a similar result of chromato- 
graphy was secured. : y 

11) The paper was made into a cylinder, fastening with metal staples, and stood in a glass 
dish (9 cm. x 1.8 cm.), containing 25 cc. of the solvent, and placed in a glass cylinder (25cm. x 
20 cm.). 
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Fig. 7. Runs parallel to those of Fig. 6 weré developed with Elson-Morgan reagents. 
All the spots were pink-colored. 


12) A beaker containing 1% ammonia solution and that containing about | cc. of 10%, 
NaCN solution (for prevention of the oxidation of phenol) were placed in the glass cylinder. 
13) Tiba, Teramura and Gotoh, Tohoku J. Exp. Med., 1949, 50, 287. 
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On the Inactivation of Epinephrine Discharged 
from the Suprarenal Glands. 


By 
Kazuo Saito. 
(me — Ht) 
(From the Physiological Laboratory of Prof. Y. Satake, 
Tohoku University, Sendai.) 


(Received for publication, October 18, 1949) 


Sato’s findings that the adrenaline is much more rapidly inactivated 
in the arterial blood, shut up instantaneously in an artery in situ, in com- 
parison with the blood taken out and made non-coagulable, are surely a 
remarkable approach towards the solution of the question how the ad- 
renaline, intravenously introduced, so quickly disappears from the general 
circulation.” This problem was in fact put forwards as early as the end 
of the last century. 

The present worker wishes to spread his problem to the epinephrine, 
discharged from the suprarenal glands in the natural way by the data 
given in the following paragraphs. 

The cava pocket was made in a dog under ether, the blood from the 
suprarenal glands was collected therein, shut out there for a certain length 
of time, say from 40 to 50 minutes, and a small amount thereof was taken 
out from time to time, for instance, each 10 minutes. The samples were 
then assayed for the epinephrine by means of the rabbit intestine segment. 
The details of procedure will be illustrated below. 


A dog was fixed supine on the table and a cannula, connected with the 
Woulff’s flask with ether, was inserted into the trachea, then ether was adminis- 
tered carefully. The abdomen was opened by a median longitudinal incision, 
the renal vessels were tied at first near the kidneys, the internal spermatic veins 
were tied bilaterally, and a ligature was placed on the abdominal aorta about 
5 cm, below the renal arteries, All the small veins behind the posterior cava 
vein were ligated carefully, in order to keep out the flowing of venous blood 
therefrom into the posterior cava vein during the experiment. 

Thick threads, three in number, were then passed in the form of a loop 
around the posterior cava vein near the diaphragma and the central end of the 
suprarenal veins respectively. The threads around the central ends were pulled 
now, so that the suprarenal vein blood can no longer enter the posterior cava. 
The hind legs were then elevated and massaged so as to expel as much blood 
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as possible from the legs towards the cava vein, and the latter was ligated about 
5 cm. under the left suprarenal gland. 

Next, the thread around the posterior cava vein under the diaphragma was 
tied up, and those around the central ends of the suprarenal vein were relaxed; 
the hind legs were returned then to the original position, After a while the two 
threads were tied up again, and the content,in the cava pocket was taken out 
all by means of a syringe. A small clamp was laid on the needle hole, so that 
no blood can escape therefrom in subsequent manipulations. 

Then the two threads were relaxed, that is, the blood was let in from the 
suprarenal veins into the cava pocket. A certain length of time, usually ten 
minutes, was allowed to elapse, and then the threads on the central ends of the 
suprarenal vein were ligated tightly, viz. the cava pocket was closed, where 
about 10-15 cc. blood is contained. 

The suprarenal vein blood specimens were then taken out by means of punc- 
ture with a small syringe, and in fact immediately after the completion of cava 
pocket and successively with an interval of 10 minutes. Each time 2-2.5 cc. 
blood was taken into a clean glass tube, soon defibrinated, and kept in the ice 
box. The puncture hole was clamped as soon as possible at the end of every 
collection. 

In order to know the temperature of the cava pouch, a small quicksilver 
thermometer was inserted into the lumen of the abdominal aorta, which was 
tied at two places under the pouch. The anal temperature was also noted. 

Throughout the experiment, the exposed viscera were packed in hot and 
moist towels, what was as a matter of course interrupted by manipulations on 
the cava pocket. 

At the end of the chief experiment about 100 cc. blood was taken out from 


a carotid artery, which was used as the indifferent blood as usual. 
The epinephrine was assayed by mgans of the rabbit intestine segment, 
adrenaline hydrochloride of Sankyo Co. .being taken as the standard.» 


REsuULTs. 

8 dogs were experimented on; the initial concentration was in 7 
dogs 0.0008-0.0032 mg. per cc. cava pocket blood; the values check well 
with those of the previous workers who made use of the same methods.*) 
As all the experiments showed practically figures similar to each other, it 
may be fair to discuss the average values. The 10 minute-staying let the 
blood loss 28% of the ability of inhibiting the rabbit intestine segment 
movement, the 20 minute-staying 54%, the 30 minute-staying 66%, and 
the 40 minute-staying 75%; roughly speaking one-fourth, ‘one-half,two- 
thirds and three-fourths respectively. It should be noted here that when 
the blood was allowed to stay for a long period, such as 30 minutes, it 
became dark and showed a tendency to coagulate, 

The anal temperature of an animal underwent some large reduction, 
and the thermometer in the abdominal aorta showed also some reduction, 
34-35°C being read. 
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TABLE I. 


Diminution of Epinephrine in the Suprarenal Vein Blood Staying 
in the Cava Pouch in Anesthetized Dog. (1942-43). 
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Epinephrine content (mg. per cc. blood) and rate 
Waahe cm, of variation (in Italic), the initial as 100 beat ssgenarens 
es 0 |10. min. | 20. min. | 30. min. |40. min. | 50, min. | Anal Abd. |" Room 
46 10.5kg.| 0.0012 | 0.0008 | 0.0006 | 0.0006 | 0.0004 | 0.0003 | 34.3- 16-17 
11. XI. 100 67 50 50 33 25 33 
62 12.6kg.| 0.0002 | 0.0001 | 0.00005; 0,00005| 0.00005 33.5— 
25. XI. 100 50 25 25 25 31 
86 9.7kg.| 0.0012 | 0.0011 | 0.0003 | 0.0002 | 0.0001 35.4—| 37 19 
17. XII. 100 9] 25 17 8 4% |: 
986 118kg,| 0.0032 | 0.0024 | 0.0016 | 0.0012 | 0.0010 33.5—| 36- 14 
24. XII. 100 75 50 37.5 31 32.2; 35.5 
108 10.0kg.} 0.0016 | 0.0012 | 0.0006 | 0.0004 | 0.0003 | 0.0003 | 33— | 36- 10-12 
25. I. 100 75 37.5 25 19 19 31.5| 34 
1292 85kg.| 0.0010 | 0.0006 | 0.0005 | 0.0004 | 0.0003 | 0.0002 | 34- | 36- 14 
$. II. | 100 60 50 40 30 20 | 31.8) 34 
159 7.4kg.| 0.0024 | 0.0016 | 0.0014 | 0.0008 | 0.0008 33- | 36- 14 
8. IIT. 100 , oe 58 33 33 32 35 
168 10.0kg.| 0.0008 | 0.0006 | 0.0004 | 0.0003 | 0.0002 35— | 37- 11 
17. III. 100 75 50 37.5 25 34 36.5 
Mean of 
7 dogs (No. 6\ 100 72 | 46 34 25 
excepted) | | 
_ Tasre II. 
Diminution of Epinephrine in the Suprarenal Vein Blood in Vitro, 
at 39°C. 
| Epinephrine concentration (mg. 
| per cc, blood) and rate of varia- 
No.| Body Date of | tion, the initial being taken as 100 
| 4 ; | Remarks 
& | weight | experiment | tate : ing (min.) 
} uration of warmi min. 
Sex| (kg-) | S 
|} o | 20 | 40 | 60 
9 11.8 24. XII. | 0.0007 | 0.0006.| 0.0004 | 0.0003 |. Blood specimen collected 
r) 1942 100 86 57 43 | without discarding 
I] 11.3 ae 0.0052 | 0.0048 | 0.004 0.0032 » » » 
6 1943 100 92 77 62 | after discarding 
13 7.8 18)’ St. 0.0012 | 0.001 | 0.0008 | 0.0006 2 
6 |. 1943 100 83 67 50 
14 8.5 3. III. 0.0016 | 0.0014 | 0.0012 | 0.0008 - 
g 1943 100 88 75 50 ; 
15 10.0 17. IIE 0.00035 | 0.0003 | 0.0002 | 0.0002 | Blood specimen collected 
C.) 1943 100 86 57 57 | without discarding 
Mean woo | 87 | 67| 52 
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Parallel experiments to those: above presented were further under- 
taken; that is, the suprarenal vein blood was taken out in the same manner 
as above, and divided equally among 4 clear tubes, each defibrinated 
and kept in an ice box. While a sample was preserved as the control or 
standard there further, the remainders were set in the water bath at 39° 
for given lengths of time, as 20, 40 and 60 minutes respectively, then 
taken out therefrom and kept again in the ice box until the estimation 
was carried out successively. The results on five dogs are epitomized in 
Tab. II. 

The difference of the figures in both the sets of experiments is con- 
spicuous. While 20 minute-staying was enough to see the destruction 
of epinephrine by 50% in the former set of experiments, 60 minute-period 
was necessarily for the same degree of inactivation in the latter set, i.e. in 
the case of defibrinated blood. At the end of 20 minute-staying the in- 
activation of 54% was noted in the former set against 13% in the latter, 
and at the end of 40 minute-staying 75% and 33% respectively. 

These rapidities of evanescence of epinephrine in the two series of 
present researches are similar on the whole to those of the previous work- 
ers, who made use of similar procedures and technics, Sato and Sugawara*? 
respectively. 

While the rapidity of evanescence of adrenalin in the regular vein 
pouch, regardless the blood closed therein be arterial or venous, in the 
experiments of Sato well coincides with the present outcome, that is, the 
results yielded from the cava vein pouch with the suprarenal vein blood, 
the adrenaline disappears more rapidly in the arterial blood vessel, namely, 
in the carotid pouch. 13 minute-staying of arterial whole blood in the 
jugular pouch effected to inactivate adrenaline by 25% and 15 minute- 
staying of venous whole blood by 27%, whereas the arterial blood closed in 
the carotid artery effected to destroy adrenaline by 48% in 13 minutes. 
Epinephrine in the cava pocket blood was reduced of its entero-inhibiting 
power by 28% at the end of 10 minute-staying and by 54%, 20 minute- 
staying. Such an outcome is comprehensible, to be sure. 


Now let us further analyse the data of Sato in detail: If the numerals 
be arranged according to the length of staying into two groups, the samples 
which were allowed to remain longer in the pouch, regardless arterial or venous, 
are found containing much adrenaline—a paradoxical figure! Adrenaline 
was recovered by 47% after staying 9-11 min. in the carotid pouch, against 

56% after staying 13-7 minutes. In the case of jugular pouch 74%, 10-11 
minutes and 77%, 15 minutes are the outcome. 

Undoubtedly these figures point to a view that inactivation of adrenaline 
does not advance further, at least, even if adrenaline be allowed to remain in 
contact with the blood, nearly as natural as possible beyond a certain short 
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period, say 10 minutes or so. This picture reminds us the inactivation curve 
of adrenalin by oxalated or defibrinated whole blood, obtained in the hands of 
Bain et al.® 

The limit where the inactivation will discontinue is also similar in both 
the sets of researches, Sato and Bain, but the time when the limit will be arrived 
at is of quite another order, namely 10 minutes or less for the natural blood, 
against 4 hours for the defibrinated blood. Such a great difference can not be 
too much evaluated in the study of the inactivation of adrenaline or epinephrine 
in the animal body, as Sato did. 

The destruction or stability, otherwise expressed, of adrenaline in the de- 
fibrinated blood was alto tested twenty: years ago in this Laboratory.” The 
reduction of the entero-inhibitory ability progresses rapidly first, but at the end 
of two hours only very slowly ; about two-thirds were lost. The present writer 
carried out also similar experiments, presented in Tab. 2, but the observation 
was extended for one hour only, for it was done as parallel experiments to the 
chief experiments which never exceeded one hour. At the end of one hour the 
entero-inhibitory power of the defibrinated suprarenal venous blood was found 
diminished by half, similar to the adrenaline experiment of Sugawara. He did 
not push his experiments beyond 4 hours. 


In the present researches with the suprarenal vein blood on the 
other hand, the disappearance of epinephrine or the reudction of entero- 
inhibitory power progresses further with the lapse of time, namely only 
one-fourth of the initial strength was assayed at the end of 40 minute- 
staying. 30 minute-staying rendered the blood dark and coagulable. 

Provided the blood could remain without suffering from any possible 
deterioration, the inactivation would progress further, as the data from 
Dog No. 6 indicates. Presumably the blood in the cava pocket there 
was not pure suprarenal vein blood, but a large amount of common cava 
blood would remain there without being discarded before starting of 
collecting pure suprarenal vein blood. Epinephrine in the concentra- 
tion of 0.0002 mg. per cc. was reduced to the half by 10 minute-staying, 
and further 10 minute-leaving could diminish it to 0.00005 mg. per cc.; 
the epinephrine in this concentration is found as a rule in the blood from 
the suprarenal body, which was denervated® or wholly paralysed by 
nicotine.” The concentration of epinephrine of this grade, i.e. 0.00005 mg. 
per cc. is properly accounted as “‘ zero”’ in such an experiment, as this. 
Consequently it may be justifiable to assume that the natural blood can 
entirely destruct 0.0002 mg. per cc. epinephrine within twenty minutes. 

If the data, quoted above from the works of Sato, Sugawara, Bain 
and the present writer, be taken together, the following figures would 
come in sight for the fate of epinephrine, in a concentration, as poured 
‘out from 'the suprarenal capsules, both in the natural blood in a vein on 
the one hand and in the defibrinated blood on the cther. In the former 
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the epinephrine becomes inactive by and by, so that no trace will be left 
behind at the end of one hour, while with this length of period the epine- 
phrine in the defibrinated blocd is inactivated only by half, and the 
deterioration advances further until the two-thirds of it will be lost after 
the lapse of four hours in toto, but here inactivation discontinues. When 
the blood, without any manipulation, shut up in an artery, the inactiva- 
tion advances more rapidly than in a vein. 

Thus no doubt is entertained about the validity of evidence presented 
by Sato of a remarkable power of the blood, when left in the state, as 
natural as possible, of making inert the epinephring or adrenaline; never- 
theless the rapidity of inactivation of the hormone in this kind of experi- 
ment is distinctly smaller than that of taking place in the animal body.” 

To what extent the difference in the rapidity in both the kinds of 
experiment can be made smaller or whether completely annulled by im- 
proving the experimental conditions in the present researches is a further 
query. The temperature of the blood in the cava pouch was, for example, 
surely below than normal, as to be understood from the figures in Tab. I, 
the animal was under the general anesthesia, etc., etc. That the blood is 
shut up without moving is never physiological for itself must also be 
taken into consideration. 


What a role is played or not by the blood vessel wall must be also tested, for 
the blood, natural as possible, effects the inactivation more rapidly when it is 
confined in an artery than in a vein. The question ought to be reinvestigated, 
because their results do not seem to be conclusive, though there are a few pre- 
vious references.® 


Further, in relation to the present issue we must appreciate highly 
the recent data ré the deteriorating action of liver tissue on the adrenaline 
in blood; it might have some shares in doing so.* 


Of the réle of liver in handling the adrenaline in the organism, the data 
from the previous experiments, in which the drug was given by mouth or 
stomach, with the effects upon the blood sugar and arterial pressure, afford some 
interesting suggestions apparently. But they are too discordant each other. 

Rather recently Richter was successful to see with definiteness all the com- 
mon symptoms by taking orally glycine and acetic acid in’ combination to ad- 
renaline.! 


In terminal two recent views ré the chemism, how the hormone 
will be inactivated inthe animal body will be referred to: By estimating 
phenolic content in the urine of rabbits, injected with adrenaline, Wein- 
stein and Menning!*) suggested that adrenaline, which is not destroyed 
by the blood or by specific organs, passes rapidly through the capil- 
laries into the tissue, where it is oxidized to a physiological inactive sub- 
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stance, possibly protocatechuic acid. This was soon followed by another 
view of Richter,!” who took adrenaline solution by himself in the manner 
above described, and succeeded to estimate 70% of the amount of ad- 
renaline administered in the urine after hydrolysis. In a rabbit positive 
outcome was also noted.- The conjugation is probably the main physio- 
logical method by which adrenaline is inactivated in the body. It 
goes on more rapid than oxidation. 

The chemism by which the epinephrine or adrenaline is really in- 
activated in the animal body is, however, not dealt with here, if any; our 
present interest has been confined firstly where the hormon will be chiefly 
inactivated there. 


SuMMARY. 


The suprarenal vein blood, shut up in the cava vein pouch, pre- 
pared in situ in the dog under ether, was tested of the epinephrine by 
means of the rabbit intestine segment. The course of disappearance of 
the rabbit intestine segment. The course of disappearance of epine- 
phrine in the blood, flowed out from the suprarenal glands and left in the 
natural conditions as possible, was followed. The epinephrine, as ex- 
pressed by the intestine movement inhibiting ability, was found di- 
minished by one-fourth at.the end of 10 min., by a half at that of 20 
min., by two-thirds at that of 30 min. and so forth: The figures in the 
earlier periods coincide well with those of Sato, who made similar ex- 
periments with the jugular vein and adrenaline solution for a short 
length of time. When he-shut the carotid artery, the inactivation prog- 
ressed more rapidly. 

The rapidity of inactivation of epinephrine in the blood in the 
natural condition, as possible, is thus proved as definitely more prompt 
in comparison with the blood, defibrinated; of the latter the present 
writer has his own experience, the results of which check well with the 


previous works. 


References. 


1) Sato, H., Tohoku J. Exp. Med., 1930, 16, 597. 

2) Sugawara, Watanabe & Saito, ibid., 1926, 7, 3-19. 

3) Kodama, ibid., 1923, 4, p. 232. 

4) Sugawara, ibid., 1928, 12, 113-117, especially Chart 10. 

5) Bain, Gaunt & Suffolk, J. Physiol., 1937, 91, 233. 

6) Inaba, E., Tohoku J. Exp. Med., 1935, 27, 254 f. 

7) Wada, Hirano & Tiba, ibid., 1938, 33, 189. 

8) Lawen, Schmiedeberg Arch., 1904, 51, 428 (Destroyed by binding with vessel wall) 
Tatum, J. Pharm. Exp. Ther., 1912 (-13), 4, 151 (Frog vessel perfusion, artery wall of dog, goat‘ 
rabbit. With O, destroyes adrenaline); Sundberg, Upsalt Likaref. Férh., N.S., 1928 ,33, 321ff. 











144. K. Saito 


(Artery of ox, cat, rabbit. Unable to confirm Tatum). 

9) Most workers speak for accelerating action of liver tissue while 5 reports do not accept 
it. The papers of former group are given first. No abstacts are given for the papers, already 
related in Sato.Y 

Langlois, Soc. Biol., 1897, 9, 524. Athanasiu & Langlois, ibid, 575. Carnot & Josserand, 
ibid., 1902, 54, 1472. Battelli, ibid., 1518. Pak, Schmiedeberg Arch., 1926, 111, 42 (Es- 
timating of adrenaline by Folin; perfusing the liver through the portal vein reduces adrenalin). 
Sundberg, Upsala Lakaref. Férh., N.S., 1928, 33, 301 (Cat blood pressure under urethane; liver 
perfusion through v. mesent. inf. reduces the pressure elevation). Giragossintz & Mackler, 
Endocrinology, 1929, 13, 88 (Dogs, art. ‘pressure in fem. art., pressoric action of adrenaline is 
smaller on injecting into portal vein or liver). Schiitz, Biochem. Z., 1933, 265, 282 (Fresh liver of 
rat accelerates oxydation of adrenaline). Toscano Rico & Malafaya Baptista, Soc. Biol., 1935, 
120, 42 (Pressoric action:’ Mousé liver extract acts to reduce that of adrenaline; such actions 
are different according to animal species). ,Bain & Suffolk, J. Physiol., 1936, 86, 34 P (Cat 
blood pressure; liver slice abolishes pressoric action of adrenaline). Blascko, Richter & Schloss- 
mann, J. Physiol., 1937, 9€, 1 (Tissue slice or extract, rabbit intestine & cat blood pressure: Rab- 
bit liver accelerates the inactivation of adrenaline in the presence of O,). Bain, Gaunt & Suf- 
folk, J. Physiol., 1937, 91, 233 (Cat blood pressure, cat blood, liver tissue accelerates powerfully 
the inactivation of adrenaline) Bain & Dickson, J. Physiol., 1938, 93, 54P (Cat blood; cat, ure- 
thane or spinal, art. pressure. Liver slice’s action of inactivating adrenaline differs according 
to animal species). Richarter & Tingey, J. Physiol., 1939, 97, 265 (Amine oxidase from liver 
100 units/ml. inactivates half of adrenaline in 30 minutes). 

Negative results: Embden & Fiirth, Hofmeister’s Beitr., 1904, 4, 429. Comessatit, Schmiede- 
berg Arch., 1909, 60, 243 (Frog bulbus, sublimate reaction). Harada, Mitt. med. Fak. Univers. 
Tokyo, 1925, 32, 409. Markowitz & Mann, Am. J. Physiol. 1929, 89, 176 (Dogs, art. pressure, 
operative exclusion of liver). Bacq, Arch. Internat. de Physiol., 1937, 44, 1 (Cats, decerebrated 
or dial, denervated -nictitating membrane). 

10) Dorlencourt, Trias & Paychére, Soc. Biol., 1922, 86, 1129 (Dogs, hyperglycemia). 
Aschner & Pisk, K]. W., 1924, 3 y., 1265 (Human being, often hypertension, neither hyperglycemia 
nor glycosuria). Brems, Acta Med. Scand., 1925-26, 63, 431 (Patients, hyperglycemia+-, no 
glycosuria, hypertension on a large dose). Weiss & Baitz, Z. ges. exp. Med., 1926, 49, 543 
(Patients, no hypertension). Menninger, Arch. of Int. Med., 1927, 40, 701 (Patients, most 
suffering from hyperthyreoidism, or hypothyreoidism. In the half of cases hypertension). 
Giragossintz & Mackler, Endocrinelogy, 1929, 13, 88 (Dogs, hyperglycemia, no hypertension). 

11) Richter, J. Physiol., 1940, 98, 25P & 361. 

12) Weinstein & Menning, Science, N.S., 1937, 86, 19. 








~- -—- *- — a A we ce a Ga wey 


yy fF 642 o-— A > 








The Tohoku Journal of Experimental Medicine, Vol. 53, Nes. 1 & 2, 1950. 


Contribution to the Glycemic Effect of 
Histamine in Dogs and Rabbits. 
By 


Saburo Takita. 
(mH ARM) 


(From the Physiological Laboratory of Prof: Y. Satake, 
Tohoku University, Sendai.) 


(Received for publication, October 24, 1949) 


Some years ago Y. Satow” finally succeeded to bring about either 
hyperglycemia or hypoglycemia at will on giving one and the same amount 
of histamine and peptone, that is, only by adjusting the speed of injection 
into a vein. The discrepancy existing in numerous data given by pre- 
vious workers, which much puzzled us for a long time, can be reconciled 
without difficulties. 

His animals experimented on were however limited to the rabbit. 
Whether his theory can be applicable to other species of animals is a 
further question, The research has been therefore now extended to the 
dog, an animal much used for this kind of experiments, next to the rabbit, 
as shown in the reference table of Satow. 

But, as the present worker failed to find out conditions for producing 
hypoglycemia by changing the velocity of introducing the drug, the 
evidence of Satow was anew questioned in turn. Some rabbits were in- 
toxicated by the drug, and that evidence was proved again as wholly 
true. All the data are briefly given below. 


Method: Histamine diphosphate was solved in the physiological saline in 
0.1% just before the use and injected at a given speed into the marginal ear vein 
of rabbits or the saphena vein of dogs in dose of 0.1, 0.5, 1.0 or 2.0 mg. per kg. 
body weight. For injecting dogs were fastened on the operation table for a 
while. In both kinds of animals blood samples were taken from the ear vein, 
denervated beforehand. Fujita-Iwatake’s method came into application for 
estimating the blood sugar. 


RESULTs. 


20 dogs were experimented on, and histamine diphosphate was 
intravenously injected in various lengths of time, say from 8 sec. to 9 min., 
in the doses above given, so that the amount of drug per kg. per min. was 
0.02-0.75 mg. 
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TaBLeE I. Blood Sugar Fluctuation in 
Histamine diphosphate 
Body " aan? solution) 
oa ; 
218] etme set Zo |$¥5| e8ta)y o8| 28 
: (re) | 38 | gO) Sage (See lEs . 
dia a> |} GS) 828 g| "2g 
OS & S-= ~ 
Dogs 
1 | ¢ | 17. XII. 1938 7.20}. 0.72| 10 4.3 0.1 | 0.60 
2 | g | 23. I. 1939 7.50} 0.75 | 10 4.5 0.1 | 0.60 
3| 6 | 20 IV.,, 10.00} 1.00} 8 7.5 0.1 | 0.75 
4/91] 16V. , 13.50] 135| 9 9.0 0.1 | 0.67 
$1244. 47h. 13.90] 7.00| 16 26.2 0.5 | 1.88 
6 | 6 | 18 VII. 1938 14.00] 1.40] 80 1.1 0.1 | 0.075 
7/6/19 xr 4, |.1140] 1.14] 90 0.8 0.1 | 0.067 
8 | 2 | 11. V. 1939 13.70] 1.37| 56 15° | Ol | O11 
9/6 | 5. VIII. 1938 | 10.70] 1.00} 300 0.2 0.1 | 0.02 
10 | % | 29. X. 1938 7.10] 3.55] 62 34 |° 05 | 048 
|e] 5 XL, 7.70] 385] 60 3.9 0.5 | 0.50 
12 | @ | 6. II. 1939 7.30} 3.65 | 300 0.7 0.5 | 0.10 
13 | ¢ | 10. XII. 1939 8.50] 4.25 | 480 0.5 0.5 | 0.063 
14| @ | 8 IL 1939 10.70 | 5.35 | 540 0.6 0.5 | 0.056 
3/¢6¢{ Lim, 13.80} 6.90 | 480 0.9 0.5 | 0.063 
14] 6 | 2V. 1935 6.70] 6.70} 120 3.4 10 | 05 
17 | @ | 16 VI. ,, 10.00 | 10.00 | 540 1.1 1.0 | O11 
wisimv. « 6.80 | 13.60 | 300 2.7 2.0 | 0.40 
i9| ¢ | 9 VIL, 10.30 | 20.60 | 420 2.9 2.0 | 0.29 
20 | 6 | 11. VII. ,, 6.50 | 13.00 | 390 2.0 2.0 | 0.31 
Rabbits 
1 | g | 13. VII. 1939 1.92] 020| 6 2.0 0.1 | 1.0 
2|¢{|ev. , 1.73] 086] 8 6.4 05 | 38 
3/6 |14VI,, 180} 090} 9 6.0 05 | 33 
41/4 | 2,V.L °, 1.75] 086| 8 6.4 05 | 38 
5|¢!2V. , 1.89 | 0.95 9 6.3 05 | 33 
6| 2 | 14. VIL , 1.78} 090| 8 6.8 0.5 | 38 
7 | ¢ | 13. VIL 1939 1.98] 0.20] 70 1.7 0.1 | 0.086 
‘ta: Be SC 181} 090} 65 0.8 0.5 | 0.46 
9/¢/i18&V. , 181] 090| 62 0.9 0.5 | 0.48 
10|.6 | 2.-V.L , 1.75} 0.88 | 50 1.1 0.5 | 0.60 
n{|@e@f|2v. , 184] 0.92] 60° 0.9 0.5 | 0.50 
12/9 | 6 VI, 1.81] 090] 60 0.9 0.5 | 0.50 
: 13} 6 | 26V. ,, 1.82 | 0.90} 120 0.5 0.5 | 0.25 
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Dogs and Rabbits on Injection of Histamine. 
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Blood sugar (%) 





_ before 
injection 


$858 


0.091 


0.093 
0.093 
0.084 
0.096 


0.098 
0.102 
0.083 
0.078 
0.096 
0.102 


0.085 
0.092 
0.108 
0.089 
0.092 


0.095 
0.113 
0.110 
0.106 
0.092 
0.117 


0.190 
0.110 
0.108 
0.104 
0.115 
0.103 
0.099 


after injection (2%) 








5 


0.083 
0.084 
0.105 
0.103 
0.107 


0.108 
0.137 
0.104 
0.106 


0.084 
0.119 
0.094 
0.125 
0.125 
0.186 


0.100 
0.130 
0.112 
0.119 
0.118 


0.117 
0.124 
0.121 
0.123 
0.114 
0.135 


0.009 
0.103 
0.096 
0.088 
0.111 
0.091 
0.092 











0.074 
0.086 
0.103 
0.115 
0.120 


0.099 
0.126 
0.095 
0.102 


0.102 
0.117 
0.079 
0.119 
0.114 
0.184 


0.127 
0.132 
0.144 
0.123 
0.135 


0.115 
0.132 
0.121 
0.157 
0.120 
0.124 


0.094 
0.097 
0.082 
0.097 
0.103 
0.092 
0.082 








20’ 


0.074 
0.084 
0.067 
0.116 
0.118 


0.097 
0.104 
0.095 
0.100 


0.102 
0.119 


0.092 
0.098 
0.141 


0.107 
0.098 
0.135 
0.115 
0.137 


0.110 
0.135 
0.130 
0.162 
0.126 
0.132 


0.099 


0.087 
0.097 
0.099 
0.097 
0.091 








30’ 


0.069 
0.082 
0.060 
0.117 
0.127 


0.089 
0.097 
0.091 
0.098 


0.066 
0.119 
0.064 
0.082 
0.110 
0.126 


0.088 
0.092 
0.118 
0.114 
0.120 


0.107 
0.141 
0.137 
0.150 
0.128 
0.139 


0.100 
0.090 
0.092 
0.106 
0.082 
0.087 
0.085 








45’ 


0.069 
0.079 
0.058 
0.118 
0.098 


0.085 
0.093 
0.089 
0.088 


0.067 
0.110 
0.084 
0.072 
0.104 
0.098 


0.076 
0.100 
0.122 
0.098 
0.101 





60 


Dogs 


0.055 
0.079 
0.058 
0.100 
0.109 


0.085 
0.091 
0.089 
0.086 


0.084 
0.103 
0.084 
0.078 
0.084 
0.098 


0.082 
0.090 
0.116 
0.095 
0.097 


Rabbits 


0.095 
0.135 
0.146 
0.123 
0.116 
0.144 


0.090 
0.092 
0.104 
0.111 
0.088 
0.089 
0.084 





0.104 
0.134 
0.145 
0.123 
0.096 
0.154 


0.092 
0.090 
0,101 
0.115 
0.084 
0.103 
0.091 








90’ 


0.043 
0.079 
0.073 
0.088 
0.098 


0.080 
0.091 
0.084 
0.082 


0.076 
0.103 
0.072 
0.061 
0.080 
0.080 


0.081 
0.092 
0.112 
0.102 
0.095 


0.090 
0.123 
0.128 
0.110 


0.132 


0.092 
0.093 
0.104 
0.103 
0.085 
0.099 
0.092 





120 


0.038 
0.078 
0.077 
0.092 
0.093 


0.079 
0.087 
0.082 
0.088 


0.084 
0.102 
0.067 
0.059 
0.080 
0.081 


0.080 
0.092 
0.097 
0.093 
0.084 


0.090 
0.113 
0.128 
0.105 
0.092 
0.134 


0.097 
0.104 
0.099 
0.103 
0.088 
0.094 
0.091 








0.040 
0.076 
0.075 
0.090 
0.091 


0.075 


0.082 
0.090 


0.084 
0.105 
0.065 
0.055 
0.078 
0.080 


0.081 
0.094 
0.093 


0.092 


0.119 
0.110 


0.130 


0.115 
0.097 
0.097 
0.092 
0.087 
0.084 








0.037 
0.076 
0.077 
0.100 
0.100 


0.074 


0.078 
0.090 


0.081 
0.105 
0.064 


0.073 
0.080 


0.085 


0.089 


0.090 


0.099 
0.112 
0.113 
0.101 
0.096 
0.121 


0.100 
0.117 
0.096 
0.092 
0.092 
0.084 
0.074 





210 


0.108 
0.113 


0.117 


0.106 
0.101 
0.090 
0.097 





240’ 


0.086 


0.078 


0.102 
0.106 
0.106 


0.099 
0.096 
0.096 
0.103 
0.087 
0.085 
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In almost all cases, the blood sugar concentration was estimated in- 
creasing, and the acme was noted commonly about 5-20 minutes after 
the starting the injection, then it inclined to decrease, so that finally the 
hypoglycemic stage was nearly always observable. (In Dog 8, the deter- 
mination was continued to the end of 11 hr. The content at the end of 
5 hr. 0.073, 6 hr. 0.076, 8 hr. 0.075, 8 hr. 0.081 and 11 hr. 0.082%respec- 
tively.) 

Even in the cases of a slow introduction, that is, of velocities of about 
0.1 mg. per kg. per min, or smaller (Dogs 6, 7, 8, 9, 12, 13, 14, 15 & 17), 
the hyperglycemia was discovered, while the hypoglycemia alone was 
found only in Dogs 1 & 2, in which the injection was rather rapid, as 
0.6 mg. per kg. per min. 

The present worker was thus impossible to see an occurrence of hypo- 
glycemia alone in the dog by histamine poisoning by taking a measure, 
such as to adjust the rapidity with which the drug is intravenously given. 


The present outcome coincides with those of previous writers, quoted in 
the paper of Satow, which will be completed by adding that of Wada et al.® 


On having obtained such an outcome, I turned now to question the 
validity of evidence offered by Satow, so that similar experiments were 
carried out this time with rabbits. 

A rapid injection such as 3.3-3.8 mg. per kg. per min. was done in 
5 rabbits, and that of 1 mg. in a case, with an accompany of a develop- 
ment of hyperglycemia without exception (Rabbits Nos. 1-6). 

A slow injection, such as 0.25-0.6 mg. per kg. per min. or 0.86 mg., 
resulted in 7 rabbits to induce only the hypoglycemic phase, also without 
exception. 

All the results in rabbits well check with those of Satow in the same 
species of animals. 

Briefly summarized: Though I failed to find any measure to produce 
the hypoglycemic state in dogs by intravenous administration of histamine, 
the finding of Satow in rabbits that the slow injection brings about always 
the hypoglycemia while the rapid one causes only the hyperglycemia, was 
however recognized again by the present writer too in the case of rabbits. 
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The dark adaptation test, although imperfect in practical applica- 
tion, is yet of value in the selection of aviation candidates. Because during 
night flying and flying at dusk it necessitates normal or better than normal 
dark adaptor. In recent years, we have studied certain substances which 
can affect the ability of dark adaptation’ and the present paper limit- 
ed to creatine and methionine. Our experiments are described and the 
results given below. 

Method: The measurements of dark adaptation were made with a 
Nagel’s adaptometer® The test field subtended an angle of 3 degrees. 
and 15 degrees superior of the subject’s fovea. Both eyes of the subject 
were exposed to a light of 200 millilamberts for light preadaptation for 
15 minutes. During the subsequent darkness at desired time intervals, the 
subject then rotates the adjusting wheel of the adaptometer with his hand 
until he just no longer perceives the dim light of the test field (The light 
intensity of the presentations were determined before the measurements). 
The wheel-reading represents the just imperceptible light intensity, which 
is given as the brightness in micromicrolamberts. All values of the thres- 
hold were represented by logarithms of the brightness. The source of 
light for light preadaptation apparatus and the adaptometer was supplied 
by a constant 100-volts battery. 

Results and Discussion: The four normal and healthy male subjects 
under study were the teaching staffs of our department. Subject Ho. 
weighed 49, F. 61, P. 54 and Hw. 45 kg., varying in age from 30-52, were 
all well trained on the adaptometry. The control readings were taken 
until each subject reached a constant level excepting for the slight un- 
avoidable normal variability found in repeated readings. The average and 
range of 5 control measurements of each subject are given in Table I. 

Then we studied the effect of creatine on dark adaptation. It can 
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Taszz i. 


Average and Range of 5 Control Measurements of Dark 
Adaptation for Subjects Ho., F., P. and Hw. 




























































































.— Log. Intensity (sp 1.) 
dark Subject Ho. Subject F. Subject P. | Subject Hw. 
oan) Average} Range |Average| Range |Average| Range Avesnge Range : 
1 6.03 | 5.99-6.09 5.73 | 5.67-5.76 6.24 | 6.16-6.29 5.68 | 5.67-5.71 
2 5.87 | 5.83-5.88 
3 5.32 | 5.30-5.35 5.77 | 5.73-5.79 | 5.24 | 5.35-5.48 
5 5.52 | 5.51-5.52 4.94 | 4.90-4.98 5.69 | 5.65-5.72 4.94 | 4.82-5.03 
8 4.83 | 4.77-4.93 4.27 | 4.25-4.31 5.20 | 5.14-5.24 440 | 4.35-4.44 
10 3.97 | 3.88-4.01 4.59 | 4.47-4.64 4.00 | 3.95-4.06 
11 3.96 | 3.88-4.03 
15 3.27 | 3.21-3.36 3.10 | 3.06-3.13 4.17 | 4.13-4.20 2.97 | 2.95-3.01 
20 2.91 | 2.87-2.97 3.03 | 3.01-3.05 3.74 | 3.70-3.80 | 2.72 | 2.65-2.78 
25 2.77 | 2.65-2.84 2.91 | 2.88-2.92 3.43 | 3.42-3.45 2.53 | 2.50-2.55 
30 2.56 | 2.49-2.65 2.79 | 2.78-2.80 | 3.30 | 3.29-3.31 2.46 | 2.44-2.47 
35 2.73 | 2.69-2.76 3.12 | 3.12-3.13 2.36 | 2.36-2.37 
40 2.23 | 2.20-2.33 2.70 | 2.67-2.73 3.11 | 3.10-3.11 2.35 | 2.31-2.37 
50 2.18 | 2.16-2.21 





























be noted that after the oral administration of this compound the subjects 
showed some depression in dark adaptation. The depressed effect varied 
in different individuals; for instance, with subject P., with an intake of 
5 gm. of creatine showed nearly no effect upon the ability of dark adapta- 
tion and only a tendeney to produce a slight elevation of the threeshold; 
while with subject F., there was a slight effect; but with subjects Ho. and 
Hw., a relative remarkable depressed effect was observed. The duration 
of the effect was also varied in different subjects, ranging from 7 to 30 
hours. The results are shown in Table 2 and Figures | to 4 inclusive. For 
saving considerable space, some readings appeared of same tendency were 
purposely omitted in the table. 

On the other hand, the urine creatine was also determined for both 
before and after taking 5 gm. of creatine. The measurements of the total 
and preformed creatine were done by means of Jaffe’s reaction® and of a 
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TABLE II. 
The Effect of Creatine (5 gm.) on Dark Adaptation. 














2) Log. Intensity (ft 1.) 

& Subject Ho. Subject F. Subject P. Subject Hw. 

a] 

3 re Time after ~ Time after a Time after = Time after 
S| & | Creatine intake | © | creatine intake | © | creatine intake | © | creatine intake 
‘ FE hr.) Ee (hr.) E g 

A= | ©) @) Oo 

= 1.0 | 62 | 30} 5.0 | 234} 30.0 Ilys | 644 | 253 1.0 | 23,4 | 30.0 





6.03 | 5.93} 6.02} 5.93] 5.73| 5.77| 5.81| 5.78| 6.24) 6.32| 6.26| 6.19| 5.68) 5.67| 5.71 | 5.70 


— 

















5.87 | 5.80} 5.95] 5.74 








5.32 | 5.33} 5.42| 5.47] 5.77) 5.77) 5.81} 5.81] 5.42) 5.59] 5.47/|5.45 














5.52| 5.50} 5.50] 5.53} 4.94) 5.11} 5.08] 5.09| 5.69) 5.71) 5.73) 5.69|4.94| 5.16) 5.07 | 5.06 








4.83 | 4.98} 5.00} 5.02} 4.27 |.4.36| 4.39] 4.33} 5.20) 5.15} 5.26} 5.48} 4.40} 4.46} 4.47 | 4.45 








3.97 | 4.01| 4.07| 4.04| 4.59] 4.60) 4.64| 4.67|4.00| 4.08) 4.09 | 4.06 


r elel le 


| 
| 
| 
| 








11} 3.96} 3.98} 4.07} 4.02 
15} 3.27) 3.44] 3.43| 3.43| 3.10) 3.15] 3.20) 3.17] 4.17) 4.15} 4.17] 4.14] 2.97] 2.99] 3.02 | 3.02 

















20} 2.91} 3.04| 3.09} 3.05} 3.03| 3.01 | 3.08} 3.08] 3.74] 3.73) 3.76| 3.79|2.72| 2.80] 2.81 | 2.79 





25) 2.77| 2.88) 2.95} 2.84] 2.91| 2.95] 3.00] 2.91} 3.43) 3.47| 3.44] 3.51] 2.53] 2.76} 2.73 | 2.65 


———— ——_—— | —$—$——— 








2.56 | 2.69} 2.76| 2.72| 2.79) 2.81) 2.91| 2.81] 3.30) 3.26| 3.35) 3.38 | 2.46) 2.56/ 2.61 | 2.53 


30; 
35 





2.73 | 2.80) 2.79) 2.78] 3.12| 3.13] 3.14) 3.13] 2.36) 2.51] 2.51 | 2.47 





40} 2.23} 2.47| 2.53) 2.33) 2.70} 2.73| 2.78) 2.76) 3.11) 3.11] 3.13] 3.10) 2.35) 2.46) 2.51 | 2.46 


50) 2.18} 2.36} 2.39) 2.23 



























































photoelectric spectrophotometer® ; the value of creatine as creatinine was ob- 
tained by minusing the latter from the former. We have noticed that before 
the intake of creatine, no creatine in the urine of all subjects was observed. 
But within 24 hours after the administration of creatine, creatinuria took 
place; the values of creatine as creatinine excreted by the subjects Ho., 
Hw., F. and P. were 1.37, 1.22, 1.10 and 0.41 gm. respectively. It seems 
that there was some correlation between the quantity of creatine excretion 
and the ability of dark adaptation, namely the more the former, the worse 
the latter. 

In 1905, Hoogenhuyze and Verploegh?) had noted that during and 
immediately after muscular exercise, a considerable rise of creatinine ex- 
cretion was observed. Recently, Wendland™ reported that after heavy 
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e—e Control 
o-<© 24'/, hrs. after 5gm. 
yx of creatine intake 
a~-6 7'/, hrs. after S5gm. af 
a a \ methionine intake 


Log. Intensity (yp 1.) 











0 10 20 30 40 30 
Time in dark (min.) 
Fig. 1. The effect of creatine and methionine 
on dark adaptation for subject Ho. 
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Fig. 3. The effect of creatine and methionine 
on dark adaptation for subject P. 











6r 
_ @—e Control 
i O-© 23'/,, brs. after 5gm. 
_ of creatine intake 
= a—-A 7 hrs. after 5gm. of 
> 5 methionine intake 
a 
L 
Ss 
— 
ae 3 
sk 
L i i iL 3 
os 20 30 40 


Time in dark (min.) 
Fig. 2. The effect of creatine and 
methionine on dark adaptation for 
subject F. ‘i 


eo—e Control 
@-< 6 hes. after 5em. 





creatine intake 
a— 4 7 hrs. after 5gm. of 
sk methionine intake 
— 
= +t 
— 
> 
_ 
o 
= 
vo 
= 
= 3r 
3 
or 
Subj. Hw 


1 








1 
10 20 


2r— 


Time in dark (min.) 
Fig. 4. The effect of créatine and 
methionine on dark daptation for 
subject Hw. 


S- 
é 








§ Tin. £4. -. 2424.5 6 


ow | 


ol fl wl 


153 


Dark Adoptation after the Administration of Creatine and Methionine 


muscular exercise the ability of dark adaptation was decreased. With our 
present results, after 5 gm. of creatine intake, the depression in dark adapta- 
tion can be demonstrated. As we know that during muscular contraction, 
there is a conversion of phosphagen into creatine and inorganic phosphate, 
both of which are diffusible, consequently it is reasonable to suppose that 
some of the creatine escapes into the blood stream which may affect the 
ability of dark adaptation. If we will keep the normal ability of dark 
adaptation, severe muscular exercise should be avoided. 

The effect of methionine was just opposite to that of creatine, for 5 gm. 
of methionine intake produced the improvement in dark adaptation, 
The improved effect was quite distinct for all the subjects. Among them, 
subject Ho. showed greater improvement than the others. The effect 


TaBve III. 
The Effect of Methionine (5 gm.) on Dark Adaptation. 





Log. Intensity (gp 1.) 
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Subject F. 


Subject P. 


Subject Hw. 





Time after 
methionine 


intake (hr.) 


Time after 
methionine 
intake (hr.) 


Time after 
methionine 


intake (hr.) 


Time after 
methionine 
intake (hr.) 
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Control 
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31.0 


Time in dark (min.) 


1.0 | 32.0] 493 1.0 1.0 48.0 1.0 | 245 
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6.03 | 5.72} 5.95 5.79 6.24} 6.10] 6.21 | 6.23/5 5.65 | 5.59 | 5.65 

















5.87 | 5.51} 5.72] 5.72 




















5.32 | 5.37] 5.29] 5.36] 5.77] 5.78) 5.79} 5.78) 5.42] 5.35) 5.25 | 5.33 








5.73 | 4.94| 4.93) 4.73 | 4.86 
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5.52 | 5.44] 5.39] 5.48] 4.94) 4.56] 4.99] 4.94) 5.69] 5.65) 5.67 
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4.83 | 4.89/ 4.59| 4.94) 4.27) 4.30) 4.31) 4.28) 5.20; 5.15| 5.50 4.40 | 4.37 | 4.40 











3.97 | 3.92| 3.79} 3.99| 4.59] 4.47) 4.47] 4.63) 4.00) 3.89) 3.74 | 3.89 

















3.96 | 3.93} 3.81] 3.99 








3.27| 3.28| 3.11} 3.39] 3.10) 3.07| 3.04] 3.06| 4.17] 4.07] 4.02| 4.16 2.91 2.92 








2.91 | 3.84) 2.84) 3.03) 3.03| 2.99} 3.00| 3.00| 3.74/ 3.51| 3.48| 3.72 2.64 2.69 





2.77 | 2.66 | 2.67} 2.84| 2.91/| 2.69| 2.83] 2.90) 3.43] 3.33] 3.20] 3.43 2.46 | 2.39 | 2.51 








2.56} 2.11] 2.33] 2.69] 2.79) 2.65) 2.68) 2.67 3.21) 3.14] 3.25 2.40} 2.33 | 2.43 





2.73 | 2.62} 2.61} 2.72 3.06 | 3.04| 3.13 2.33 | 2.14 | 2.36 





2.23} 1.69} 1.88) 2.21) 2.70) 2.61} 2.61} 2.67 3.04 3.03] 3.10 2.29| 2.14 | 2.33 
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commenced about one hour after the methionine intake and lasted about 
24-32 hours as indicated in Table III and also Figures 1 to 4 inclusive. 
If we use it for beneficial to night flying or for other purpose, it is worth 
a trial. 

It is known that the regeneration of visual purple is correlated to the 
ability of dark adaptation. Recently, Hwang®’”) has shown that the re- 
generation of visual purple is delayed by the administration of creatine 
and accelerated by the use of methionine in the frog. Our results indicated 
corresponding phenomenon in men, because after the creatine and me- 
thionine intake it produced the depression and improvement in dark 
adaptation respectively. 


SUMMARY. 


(1) After 5 gm. of creatine intake it produced a depressed effect on 
the ability of dark adaptation with rise in threshold. The effect varied in 
different individuals. 

(2) After 5gm. of methionine intake it produced an improved 
effect on the ability of dark adaptation with lowering of threshold. The 
duration of such effect lasted about 24-32 hours. 

(3) The possible relationship between the effect of creatine and 
the effect after heavy muscular exercise on dark adaptation is suggested. 

(4) The effects of creatine and methionine on the speed of visual 
purple regeneration and the ability of dark adaptation is discussed. 
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CXXXIII. Paper Partition Chromatograms of Sugar Components 
in Glycidamins and Glycoproteins. I. 


By 


Hajime Masamune and Zensaku Yosizawa. 
CSR ..>) Ci a fe) 
(From the Medico-chemical Institute, Tohoku University, Sendai.) 
(Received for publication, October 25, 1949) 


We have been long engaged in the study of glycidamins and glyco- 
proteins (Cf. Masamune”). However, in some of them, sugar components 
of their polysaccharide or polysaccharides have not been firmly identified 
due to lack of material or due to difficulty in their separation so that the 
recent expedient means of paper partition chromatography, which requires 
only a small quantity of substance, was applied to them anew. The 
materials at first examined were sero-, ovo-, vitello- and salivary-mucoid, 
and snail foot- and mucus- and salivary mucin. The results obtained 
will be tabulated: 


Glycidamin Sugar components 
or glycoprotein 
Seromucoid - Glucosamine, galactose, mannose 
Ovomucoid Glucosamine, chondrosamine, galactose, mannose 
Vitellomucoid Chondrosamine, mannose 
Sublingual mucoid Glucosamine, galactose, glucuronic acid 
Sublingual mucin Glucosamine, galactose, mannose, glucuronic acid, 
methylpentose 
Snail foot mucin Glucosamine, galactose 
Snail mucus mucin Glucosamine, mannose, galacturonic acid 


Seromucoid :—The finding that this mucoid contains glucosamine, man- 
nose and galactose accords with the claim of Rimington® which we have 
accepted® and the result of Werner and Odin.* 

Ovomucoid:—That it involves glucosamine and mannose has been 
generally assumed. In the chromatogram a spot corresponding to galac- 
tose appeared, though faint, supporting Werner and Odin,“ and chon- 
drosamine was further detected. 

Vitellomucoid :—Onoe considered the hexosamine in this glycidamin 
to be glucosamine from F.P. of 199° and mixed melting point test of its 
benzoate. But we became aware thereafter that this melting point is that 
of chondrosamine pentabenzoate (cf. Hisamura and Kusuno®’) and that 
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the mixed melting point test of chondrosamine-pentabenzoate and impure 
glucosamine-pentabenzoate® shows no depression. 

Sublingual mucoid and mucin and snail mucin:—The results coincide 
mostly with our previous assertions, but that a spot corresponding to the 
expected position of methylpentose occurred in the chromatogram of the 
salivary mucin, though not distinct. 

Snail mucus mucin:—The chromatogram suggested the presence of 
mannose instead of galactose, conflicting with the observation of Suzuki.” 
To inquire if the chromatograph tells the real fact in this respect, an attempt 
is in progress to separate from the mucin the sugar in question as a crystalline 






































derivative. 
OQO|OO!O O ra 
(H 
a b c d e f 9 h i (T: 
sné 
Fig. 1. n-Butylacetate-pyridine-water (5:3:1) chromatograms de- 


veloped with AgNO ;-ammonia (duration of test, 8.5 hrs.; temp., 19%1°C). 
a: standard (glucosamine+ galactose-+mannose+rhamnose), b: standard 
(chondrosamine+glucuronic acid), c: seromucoid, d: ovomucoid, 
e: vitellomucoid, f: sublingual mucoid, g: sublingual mucin, h: snail ob 
foot mucin, i: snail mucus mucin. 1: chondrosamine, 2: glucosamine, fro 
3: galactose, 4: mannose, 5: rhamnose, 6: glucuronic acid, 7: galact- 
uronic acid. 
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Fig. 2. n-Butylacetate-acetic acid-water (3:2: 1) chromatograms devel- 
oped with AgNOs-ammonia (duration of test, 16 hrs.; temp., 19+1°C). 
Notations a—j and 1-7 signify the same as in Fig. |. 


EXPERIMENTAL. 
Materials. 


The preparations of the glycidamins and glycoproteins were those pre- 
pared formerly by us: seromucoid (Osaki and Yosizawa*’), ovomucoid 
(H. Suzuki®), vitellomucoid (Osaki and Yosizawa!®), sublingual mucoid 
(Tanabe™), sublingual mucin (Tanabe!®’), snail foot mucin (Suzuki”’), 
snail mucus mucin (Masamune, Yasuoka, Takahasi and Asagi'*’). 


Technique. 


The technique was what had been used by one of us (Yosizawa™) to 
obtain the chromatograms of monosaccharides in the A-group carbohydrate 


from pig stomach mucus. 
Namely, 100 mgm. each of the materials were hydrolyzed!® by heating 
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Fig. 3.. Chromatograms run in parallel] to those in Fig. 2 and developed 


with Elson-Morgan reagents. 
Notations same as in Fig. 1. 
with 5 cc. of 1n. H,SO, (100°C, 5 hrs:), the hydrolysate. removed from 
H,SO, and after decolorization, distilled in vacuo to 2/5 the volume. The 
quantities below of the condensates were put on the paper for the resolu- 
tion: seromucoid, 0.02 cc.; ovomucoid, 0.04 cc.; vitellomucoid, 0.012 cc.; 


sublingual mucoid, 0.025 cc.; sublingual mucin, 0.03 cc.; snail foot mucin, 


0.10 cc.; snail mucus mucin, 0.05cc. The standard sugar solutions were 


1% regarding each sugar and their 0.015 cc. was used. 


Results. 
Figs. 1-3 illustrate the acquired chromatograms diagramatically. 


Through the Grant Committee for Scientific Researches of the National 
Research Council was given a grant from the Education Department in aid to 


us, which is gratefully acknowledged. H. M. 
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Some Remarks ré the Etiology of the Kakke 
Disease. 


By 
Ryu-ichi Ikeda. 
(2 He —) 
(From the Pediatric Clinique, the Fukushima Woman 
Medical College, Fukushima.) 


(Received for publication, November 30, 1949) 


Nowadays there are still some objections against the view that the 
kakke-disease prevailing in Japan and other oriental countries is produced 
solely by the deficiency of vitamin B, in the human body. 

In the first place the objections are put forward from the view-point 
of epidemiology; while the deficiency of vitamin B acts to cause experi- 
mentally kakke-like disease all the year round and in the uniform severity 
without regard to seasons and individuals, people suffer from the kakke 
most frequently from summer to earlier fall, but only infrequently in winter, 
and young people suffer much in contrast to the aged and children. And 
among one and the same family, who are taking similar kinds of food, some 
suffer from the kakke, others do not. 

In the second place there are a number of pathological papers in this 
country in which the authors claim the existence of differencies in the 
patho-anatomical and patho-historical findings between the human cada- 
vers died on the kakke and the animal bodies died on the experimental 
vitamin-B deficiency. 

The heart, suprarenal capsules, and sexual organs, pancreas, liver, 
spleen, thymus, salivary glands, blood, nervous tissue, etc. were tested by 
Tomo. Ogata!®) and Y. Hayashi*, and some definitely different features 
were discovered there. Further Ogata came to witness some differences in 
the predisposition of hemorrhage and the resistance against infection as 
well. The content of the vitamin-B was not found diminished in the 
organs of cadavers died of kakke, while a large shortage is to be seén in 
the cases suffering from the artificial vitamin deficiency, as Ogata also 
related to.?)# 

Thirdly, there are also easily noticeable differences in degree between 
both the kinds of disease ré disturbances of the appetite and the digestion, 
and also ré the nutritious condition and body weight, as mentioned by J. 
Shimazono,® etc. The sufferings are incomparably serious in cases of the 
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vitamin B deficiency. 

Now turning to the baby-kakke, it may be further pointed out: Nearly 
no signs of the baby-kakke are detectable among the babies fed with cereal 
powder only and consequently suffering from the vitamin deficiency. A 
baby can be recovered from the kakke readily and without exception if 
weaned even in the serious stage of suffering and then given food stuffs 
poor in the vitamin, such as condensed or powdered milk. (N. Hirota®”) 
et al.). Interesting are the cases, though rather seldom, where in a mother, 
whose baby was suffering from the baby-kakke but no signs of kakke were 
detectable in herself, the signs became often suddenly mainfest when suck- 
ling was discontinued. (T. Inagaki®) and R. Ikeda®). Further, basophile 
granules appear in red blood cells of babies with the kakke and of patients 
suffering seriously from the kakke (K. Takasu’). 

In such a manner various materials, observed by a large number of 
the pathologists and clinicians in this country seem to offer decided ob- 
stacles for taking the kakke and the vitamin-B insufficiency as completely 
identical. 

Now, clinical, but experimental observations of the present writer 
seem to add some other supports to the non-identical theory, which will be 
given in the following pages. — 


;. 


In summer of 1924, I had an opportunity to observe a group of stu- 
dents aged 19-20, 7 in number, who attended a college and were living in 
a boarding house together. While some of them were remaining quite 
healthy, others suffered from the kakke. They all graduated higher 
schools in March and entered that college in April. They took every day 
in the boarding house quite same amount of food of quite same quality, 
that is, no variations among the individuals, except the amount of rice 
cooked. Five students did not take any other physical exercise than the 
walk to and from school, say 600 meters. The two remainings took a 
moderate amount of recreation; they remained healthy. 

Of the five persons, three suffered from. kakke of a moderate degree 
and two only lightly. 

The amount of rice taken by those kakke students were 1400-2420 g. 
per diem or 33-46 Calories per kilo body weight, per diem, while the two 
healthy took 1600 g. or 36-38 Cal. Two students who took somewhat 
large amount of rice, 2000-2420 g. every day, and suffered from the kakke 
of a moderate grade had taken more larger amount of rice, i.e. 600g. 
more, when they studied in higher schools, but one used to walk from 
home to school and back, about 24 kilometers every day and the other 
was a base-ball player, and they then were quite healthy. 
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This story shows, it may be readily said, that while there were no 
material differences between two groups of students, 5 kakke students and 
two healthy, ré the amount of rice taken every day, the former had only a 
small amount of physical exercise contrary to the healthy students. The 
other conditions of nutrition and living manner were quite the same among 
them. 


Among clinicians it is sometimes said, that the eater of a large amount 
of rice apts to suffer from the kakke, because of a relative deficiency of vitamine 
B. This view may be however readily disproved, for example, by the fact 
that a student (Miyata)® who took the smallest amount of rice (1400 g. per 
diem, namely 32.8 Cal. per diem, per kg.) suffered from the kakke, though 
lightly. 

Further, that the absolute amount of vitamin is not responsible for bringing 
about the disease is deducible from the data that some suffered therefrom, 
while some others remained quite healthy, notwithstanding that the students 
took almost the same amount of vitamine every day. 


Il. 


Since the three students suffered from the disease of a moderate degree 
took a little more rice than the other two suffered only slightly, and further 
some intimate relationship of the rice to the development of kakke is alluded, 
an over dose of carbohydrate diet has been tried as follows. 

It is to compel a quite healthy person to take cooked starch or milk 
sugar in a certain amount. 

Some individuals were.selected from nurses or nurse-students lodging 
in the nurse boarding house in our hospital; they had never suffered from 
the kakke previously and obliged to take besides the ordinary diet as usual 
with the addition of 250 g. Japanese macaroni before the dinner and 500 g. 
before going to bed, or 214g. milk sugar a day, i.e. divided into several 
portions and taken at the times at will. 


It was very difficult to find such persons who were able to continue this 
kind of experimentation in a period extending for a week or longer. The 
ordinary diet does not bring about the disease in any person, and it was so in 
the boarding house in the period of the experimentation. And whether the 
persons under investigation have eaten up all the ordinary diets and the extra 
carbohydrate or not was strictly watched. 


The test thus planned could be carried out without failure only in 
three nurses. ' 

To take cane sugar or grape sugar in a large quantity for a period, longer 
than 2 or 3 days, was wholly intolerable to any. Milk sugar also apts to 


occasion diarrhoea; only a nurse was able to take it for two weeks in dose 
of 214g. a day. 
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(a) A secretary nurse, 21 years old, 55.5 kilos. 


Ordinary diet 42.8 Cal. per kilo (Carbohydrate 36.2 Cal.) 
Extra carbohydrate 15.0 ,, ( ,, 144 ,, ) 


(Macaroni) 
Total 578 » ( » 36 , ) 


(b) A nurse-student, 17 years old. 43.7 kilos. 


Ordinary diet 56.4 Cal. per kilo (Carbohydrate 49.0 Cal.) 

Extra carbohydrate 19.1 ,, ( , 183 ,, ) 
(Macaroni) 

Total 133. fC yp CTS 9 


(c) A nurse-ment, 18 years old. 55.7 kilos. 


Ordinary piet 39.5 Cal. per kilo (Carbohydrate 35.9 Cal.) 
Extra carbohydrate 15.7 ,, 

(Milk sugar) 
Tatal 552) \( » MGs) 


The two nurses, who took macaroni besides the ordinary diet, suffered 
from the kakke, so that all the symptoms developed fully at the end of two 
weeks of extra feeding.. A dilated heart was photographed by X-ray. 
Despite of the smallness of carbohydrate amount the secretary nurse showed 
more severe symptoms than the other, what is due surely to the smallness 
of physical exercise. All the symptoms disappeared almost entirely ten 
days after discontinuation of the extra feeding, without any other treat- 
ment. 

The nurse student (c), fed with the addition of milk sugar in particular 
not only did not betray any trace of the disease, but also the pulse rate 
difference due to the exercise was counted as smaller and the heart-figure i in 
X-ray photo appeared rather a little smaller. 

This outcome might be taken as indicating that the excess of starch in 
the food is harmful as to occasion the kakke disease, while the disaccharide 
given in the amount as to correspond to the extra starch ré the fuel value 
has no influence upon’the health if any. 

It may be added here by way of precaution the fact that all the nurses 
and nurse-students in our hospital boarding house, other than these three, 
did not suffer from the kakke for the period of the present experiment can 
be taken as the control for the latter. 

What is responsible for this clear difference ? 

Next I tried to feed persons with the starch digested by the diastase, for 
it has become manifest that there must be something hidden in the processes 
of digestion from polysaccharide to disaccharide in the digestive tract in 
situ. 
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Several trials were carried out, but finally from the technical point 
of feeding diastase was given in a dose of 2 g. Takadiastase mixed to 50 g. 
rice cooked, with a result showing some beneficial effect in 7 cases of kakke 
of a moderate severeness, but never comparable to that with milk sugar. 
It is now found difficult to trace the cause of the difference to the purely 
chemical processes of the digestion of polysaccharides. 


Ill. - 


As is well known, the raw or unpolished rice cooked acts demonstrably 
to cure the kakke always with success. On the other hand it is, however, 
also well known that the raw rice cooked can not be eaten so much as the 
polished rice; the former of about only half the quantity of the latter can 
taken without difficulty. 

If the polished rice cooked in the same amount of the raw rice taken 
be given, kakke patients apt to recover, though not much. Addition of 
be vitamin B acts to hasten it. 

Here I wish to present an accidental observation that the unpolished 
rice, when it is boiled for a considerably long time with water in the form 
of gruel, could not develop an ability to cure a kakke patient, with poor 
teeth. Further coarse rice bran was made vitamin free by treating with 
50% alcohol (Relatively large grain of rice-bran, remained on the sieve, 
was extracted by 5 volumes 50% alcohol for 12 hr. at the room temperature, 
sometimes being shakened. Of the residue, the same procedure was re- 
peated. 5 times in all.), and 10 g. were given at each meal, whereby five 
persons suffering from the kakke of a light grade, recovered therefrom. 
Similar patients, 4 in number, were treated with coarse-grained Alsilin 
(animal-charcoal, plated with silver) with similar outcome to the cases of 
the vitamin free coarse rice-bran. 

In passing other clinical experiences, well known, will be here men- 
tioned for supplementing the present data. 

The fact that persons working in sewing, printing, spinning manufac- 
tories are liable to suffer from the kakke, contrary to those who take a light 
walk, though the amount of physical exercise does not much differ from 
each other, and further the fatigue also accelerates the development of 
kakke; otherwise expressed, the existence of an insufficient digestion in 
such person must be taken into consideration. The influence of climate, 
particulary of the temperature and moisture is also well known. 


SUMMARY. 


The present observations were done on human beings, the healthy 
and the patients suffering from the kakke as well. The chief data may be 
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summarized as follows. 

1. Youths, who neglect physical exercise, apt to suffer from the kakke, 
if the nutritious conditions, especially the amount of thé vitamin B, be 
taken practically same to those who remain quite healthy. 

2. Disaccharide, as milk sugar, does not effect any development of 
the disease, while polysaccharide as starch, taken in the amount to furnish 
the same amount of fuel value, acts to produce it. 

3. Unpolished rice, if it will be cooked for a long time in the form 
of gruel, cannot effect to cure the kakke, while rice-bran, made vitamin 
B free by means of alcohol, acts to lessen the disease. 

Such outcomes apparently give us some warnings against taking the 
deficiency of vitamin B as the sole cause of the kakke disease, as several 
authors commonly assume, the various materials, pathological and ¢linical 
as well, put forwarded by a number of authorities in Tokyo, etc. what are 
concisely presented above, being taken also into account. 
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Contribution to the Method for the Quantitative 
Estimation of Pyruvic Acid in Human Milk. 
The 30th Report Micro Method. 

By 


Tsuneo Arakawa. 
(ie J HE BB) 


(From the Department of Pediatrics, Faculty of Medicine, the 
Tohoku University, Sendai. Director: Prof. A. Sato.) 


(Received for publication, December 12, 1949) 


2,4-dinitrophenylhydrazone method for the quantitative estimation of 
pyruvic acid in blood was reported for the first time by Case.) The me- 
thod was modified by Peters and Thompson?) including the extraction with 
phosphate instead of carbonate. In 1939 Kitamura® described a further 
modification of Peters and Thompson’s?) method, in which keeping the 
ethyl acetate extract containing the hydrazone formed and the hydrazine 
unchanged in a water bath at 85°C for 3 minutes was performed for the 
purpose of destroying the hydrazone of acetacetic acid. As will be seen 
from Lu’s*) description, the difficulty of the estimation of pyruvic acid is 
the impossibility of separating the pyruvic acid from other aldehydes and 
ketones, as those compounds give, when treated with alcoholic potassium 
hydroxide a similar colour as that of pyruvic acid. Lu‘ claimed to have 
succeeded in the quantitative determination of pyruvic acid in blood, 
cerebrospinal fluid, urine and milk in a specific condition in the stage of 
developing the colour due to pyruvic acid and by the use of light filter. 

Using 2,4-dinitrophenylhydrazone method I myself had been engaged 
in the investigation of pyruvate in human milk before Lu’s*) report was 
published, and found that®) pyruvic acid was found in an increased amount 
in samples of human milk allowed to stand for a few hours at 15-38°C, 
while this increase was, as I found it, inhibited by the addition of mono- 
iodoacetic acid. In my own method, therefore, monoiodoacetic acid is 
added to milk samples as soon as they are obtained. For rapid depro- 
teinization of human milk ‘‘ chemodazol’’® (Cf. 24th Report on Micro 
Method) is used in combination with trichloracetic acid. For the destruc- 
tion of these hydrazones quantitatively Kitamura’s® procedure is introduced, 
As to the adulteration by other yellow coloured matters, interfering with 
the colorimetric estimation, our new procedure® (“A method for the 
colorimetric estimation of a solution containing different two colouring 
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substances ’’ in 24th Report on Micro Method) is utilized. Recovery ex- 
periments of pyruvate added to human milk using the above described 
method gave satisfactory results as will be described later. Below I shall 
give details of my own method. 


My Own Method. 


To a flask of about 30 c.c. content with 1.0 c.c. of 2% monoiodoacetic 
acid, 1.0 c.c. of human milk and 1.0 c.c. of 20% trichloracetic acid solution 
are added and mixed well. Then add slowly 2.0 c.c. of 0.8% chemodazol 
with continuous and gentle mixing of the content, then filter. 3.0c.c. of 
the clear filtrate thus obtained rapidly are transferred into another dry flask 
of 30 c.c. and adjusted to pH 2 by the addition of 1 N NaOH solution, then 
1.0c.c. of 0.3% 2,4-dinitrophenylhydrazine in 2 N HC] solution is added; 
left to stand for 2 hours at room temperature. By using a small separating 
funnel extraction of the mixture is repeated three times with each 5 c.c. of 
ethyl acetate. 

To the combined ethyl acetate extract about 0.5 grms. of finely smashed 
sodium phosphate (secondary) are added, and keep the mixture at 85°C in 
a water bath for 3 minutes with continuous stirring. After cooling, extract 
with each 5 c.c. of phosphate solution in the following way: For the first 
time M/10 Na,HPOQ, solution, for the second extraction saturated Na,HPO, 
solution, for the 3rd, 4th and 5th extractions M/10 Na,HPO, solution are 
used. 

These phosphate extracts are combined together and extracted three 
times with each 10 c.c. of ethyl acetate. 

This phosphate extract thus prepared is adjusted to pH 2.5 by adding 
concentrated hydrochloric acid, then extracted with 10 c.c. of ethyl acetate. 
This ethyl acetate extract is distilled in vacuum, and add 2:0 c.c. of 12.5% 
potassium hydroxide in 45% alcohol. The developed reddish colour is 


TaBLe I. 
Recovery Experiment. 





No. of | Pyruvate of| Pyruvate Pyruvate | Theoretical value | Difference between 





experiment | human milk added found after addition of | the theoretical 
(mgrms. %)|(mgrms. 9%)|(mgrms. %)  sdrea to the | value and _ the 
uman milk value. found 
(mgrms. 7) (mgrms. 7) 
1 0.47 22.53 22.99 23.00 —0.01 
2 0.45 22.53 22.97 22.98 —0.01 
3 0.32 22.53 22.85 22.85 0 
4 0.31 22.53 22.85 22.85 —0.01 
5 0.35 22.53 22.86 22.88 —0.02 
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compared with that of the standard solution by the use of Dubosq colori- 
meter. The standard solution is prepared from 1.0 c.c. of ethyl acetate 
solution containing 1.0 mgr. of 2,4-dinitrophenyl-hydrazone of pyruvic 
acid. 

As will be seen from the recovery experiment (Cf. Table I), the pyruvate 
added to human milk samples is recovered satisfactorily. The addition 
of such a large amount will generally make the third figure unexact, es- 
pecially if the colour is yellow. The quality of the colour in the present 
case made the comparison very easy and quite quick, though the fourth 
figure was of course the result of calculation. 


SUMMARY. 


A method for the estimation of pyruvic acid in human milk using 
2,4-dinitrophenylhydrazine was described, including the following two 
points of modification: 1. Utilizing chemodazol for the deprotenization of 
human milk and 2. the use of monoiodoacetic acid for the inhibition of increas- 
ing pyruvate value in human milk left,to stand. 


The method is, as above described, a colorimetric one, so the final 
identification shall be made by strictly chemical method. We shall be able 
to report such a result in near future. 

This work was carried out by a Grant from the Foundation for Promotion 
of Scientific Research of the Ministry of Education. Prof. Akira Sato. 
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For about two years** I have been engaged in the investigation of 
pyruvic acid content in human milk using 2,4-dinitrophenylhydrazone 
method and reported in my previous paper!) my own modification devised 
for the quantitative estimation of pyruvate in human milk. 

The present paper gives the result of analysis of pyruvic acid in human 
milk with different Arakawa’s reaction using my own method. 

Milk specimens were taken from mothers who visited the Out-Patient 
Department of our Clinic and had had no administration of vitamin B, 


preparation. 


Results and Discussion. 


Results of my investigations were given in Tables I, II, and III. 
Pyruvic acid content in human milk with positive, intermediate and nega- 
tive Arakawa’s reaction was found to be an average content of 0.45 mgrms. 
% (ranging from 0.20 mgrms.% to 0.66 mgrms.%), of 0.57 mgrms.% 
(ranging from 0.33 mgrms.% to 1.28 mgrms.%) and of 0.83 mgrms.% 
(ranging from 0.35 mgrms.% to 1.89 mgrms.%) respectively. The maxi- 
mum, the minimum and the mean values of these three groups were found 
to show an inclination to increase according to the negativity of Arakawa’s 
reaction. In other words, the Arakawa-positive group shows the smallest 
figure in the mean as well as the maximum and the minimum content, 
while the Arakawa-negative group shows the largest figure. 

In one and the same individual whose milk showed considerable dif- 
ference in the intensity of Arakawa’s reaction on different sides of breast 





* 185-214th Reports of the Peroxidase Reaction will be published later in this Journal. 
** The method was completed in 1944. 
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TABLE I. 


Pyruvate Content in Human Milk with Normally or Almost 
Normally Positive Arakawa’s Reaction. 














No. of Date of Mother Infants AR Pyruvate 
case exp. Name (Years) (Months) ini (mgrms. %) 
1 1, VII SS. | 30 3 r 3 0.44 
} le 
2 ae = 61 24 4 r 2 0.58 
i #8 
3 “ . N.T..} (30 8 r 3 
oe 0.48 
4 | 5. IX LN. 25 7 t $ 0.43 
| i 
5 a he T.N 27 oe | . 2 0.47 
| gut 
6 | 2.V 4... 17 1 r 2 0.31 
| | : 3 0.20 
7 13. IX RK. | 31 8 % 2 0.57 
8 14. , K.K. | 25 4 r. 2 0.66 
1. 
9 29. ,, T.T. 30 10 r 6 0.43 
| - 0.49 
1 «=Cld| aX T.K. 29 14 —— 0.64 
1. 3 0.58 
11 | ay HI. 29 9 = 0.33 
| We 0.33 
12 | 27..V E.T. 21 15 r 38 0.25 
| lL. 3 
| 

















Maximum 0.66 
Minimum 0.20 
Average 0.45 


(Cf. Cases 2, 4, 15 and 24 in Table IT) the above described inclination will 
be seen. 

Recently Lu®) reported a modified micromethod for the quantitative 
estimation of pyruvic acid in blood, urine, cerebrospinal fluid and milk 
using 2,4-dinitrophenylhydrazine, and concerning pyruvate in human milk 
Platt and Lu® stated that pyruvate values in milk from healthy mothers 
(Chinese and British) ranged between 0.1 and 0.26 mgrms.% and those 
from mothers suffering from subacute beriberi ranged from 0.34 mgrms.% 
to 0.53 mgrms.% with a mean of 0.41 grms.%, that is to say, milk pyruvate 
was found in increased amount in a state of vitamin B, deficiency. 

As compared with the figures of Platt and Lu®), my own ones are 
slightly higher than theirs. It is a further problem to investigate, whether 
the slight difference may be attributed to a difference of materials or the 

ethod itself. 
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TABLE MII. 


Pyruvate Content in Human Milk with Almost Strongly Negative 
or Strongly Negative Arakawa’s Reaction. 





























& galee| to e |En2e g3 
sa] Pasot | E [esis] an [Bom 33] Pucot| § sls|an |e ES 
e°) * |= Bees) es 2") SP | eee) ee 
1 | 23. VIIT | SS. | 23] 8 | r.20 | 0.66 16 | 25. IX Y.K.| 26] 6] r. 8] 0.51 
1. 10 | 0.78 1. 12 | 0.49 
2|24.° 4 |SK.}25| 4/1.22/061 17] 7. , | TM.) 26| 3] r.32 | 045 
I. 4] 0.55 1. 32 | 0.40 
3/24. , | K.H.| 23] 3/r. 040 18/2, Y.O.| 38 | 11 | r. 28 | 0.45 
1. 8 | 0.50 1. 27 | 0.47 
4/19. , | TH] 24] 11/2. 2| 079 i9|/16. , K.T.| 27 | 6| r.20 | 0.33 
1. 4 | 0.83 1. 20 | 0.40 
5/21. , | KY.| 2 | 3] r.10/ 038 20 | 20. XI R.S. | 37 | 14 | r. 38 | 0.47 
[. 22 ‘ 1. 9 | 0.46 
6|23. , |KK.}40]} 2/r.10/051 21/20 , Y.T. | 27 | 10 | r. 23 | 0.41 
1. 23 1. 23 | 0.42 
7| 27. ,, | H.T.| 30| 27 | r. 48 22 | 27. » K.T.| 24| 8 | r.15 | 0.46 
1. 38 | 0.93 1. 46 | 0.48 
8/28. ,, | H.H.| 37 | 17 | r. 22 | 0.40 23 | 28. ,, A.F. | 31 | 7 | r. 10 | 0.44 
1, 22 1. 10 | 0.45 
9/31. ,, | T.H.| 30] 20| 1.23) 1.28 24/28 ,, T.H.| 28 | 10| r. 1.03 
1. 23 1, 24 | 0.71 
10; 6. 1X | HS. | 22 | 18 | r. 48 25 | 28. ,, H.I. | 29 | 13 | r. 28 
1. 28 | 0.66 1. 13 | 0.59 
wi Be K.I. | 25/11 |r. 6 26| 3. XII |NS.|40| 3] 4.35 
1. 32 | 0.57 1. 27 | 0.91 
12] 14. ,, K.O.| 27| 2|r-19|086 27] 3 , S.K. | 38| 2 | r.44 | 0.66 
1. 19 1. 39 | 0.65 
13 | 16. ,, T.T.|35| 3/r. 7/041 28] 3, Y.O. | 33 | 16 | r. 22 
l 2 1. 22 | 0.51 
Sim ~ H.K.| 24 | 6] r. 13 | 0.52 29| 9%. » Y.Y.| 37 | 3 | 1.28 | 0.54 
1. 20 | 0.49 1. 30 | 0.71 
15 | 24. , K.S. | 24| 8 e — Mexia 138 
: ‘ Minimum 0.33 




















Average 0.57 


At any late, an increased amount of pyruvate in human milk was found 
by Platt and Lu, on one hand, in milk from human subjects with beriberi, 
and, on the other hand, by myself, in the milk from mothers with negative 


Arakawa’s reaction. 


Remarks. 


Human milk allowed to stand for a few hours at 15-37°C, will show 
a change of pyruvate values in it, and the addition of cocarboxylase or 
vitamin B, to human milk will give an effect upon the pyruvate values in it, 
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TaBLeE III. 
Pyruvate Content in Human Milk Intermediate Arakawa’s 
Reaction. 
No. of Date of Mothers Infants Pyruvate 
case | exp. Name (Years) (Months) A.R. (mgrms. %) 
1 | 10. VIII US. 26 22 r. 28 1.89 
ss lL. 48 
2 | 20. T.N. 31 8 r 47 0.48 
| } 1. 47 0.35 
3 |} 19. IX Y.S. 26 12 ¢. 48 
1. 48 0.68 
+ 16. X S.W. 30 5 r. 48 0.44 
1. 48 0.41 
5 18. ,, M.K. 34 10 r= 48 0.59 
1. 48 0.56 
6 29. XI T.M. 25 12 r. 48 0.59 
i 1. 48 
7 7. XII Web 28 2 r. 46 0.75 
lL. 46 0.86 
8 ie S.T. 33 25 r 47 0.86 
l. 46 0.88 
9 . E.N. 24 1 r. 48 0.72 
1. 48 0.41 
10 im es K.N. 21 21 r. 48 1.03 
1. 48 
11 _ = T.N. 28 2 r. 48 1.47 
1. 48 1.75 
12 — K.N. 30 3 r. 48 0.74 
lL. 48 1.16 
Maximum 1.89 
Minimum 0.35 
Average 0.83 


as will be reported in a coming paper of mine. 


SUMMARY. 


1) Pyruvic acid in human milk with different Arakawa’s reaction was 
determined using my own modification. 

2) Human milk positive to Arakawa’s reaction contained smaller 
amounts of pyruvate than the Arakawa-negative milk, and milk with inter- 
mediate Arakawa’s reaction showed intermediate values of milk pyruvate 
between those positive and negative to Arakawa’s reaction. 


This work was carried out by a Grant from the Foundation for Promotion 
of Scientific Research of the Ministry of Education. Prof. Akira Sato. 
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Studies about Blood Pressure of Toxemias of 
Late Pregnancy. 
First Report. 
A Statistical Observation on Blood Pressure of Gravida and Parturient, 
especially of Toxemias of Late Pregnancy. 
By 
Rin Hikichi. 
(3| th ff) 


(From the Department of Obstetrics and Gynecology of Tohoku 
University, Sendai. Director: Prof. T. Shinoda.) 


(Received for publication, December 13, 1949) 


Although several authors have reported about blood pressure of gravida, 
the papers about that in progress of pregnancy, especially from the first 
half term are very rare. For its normal highest limit, Yogo") decided on 
130 mm. Hg (systolic), more than Hashizume’s*) 127 which he had found in 
the last term of pregnancy. 

In foreign lands, the highest for normal limits is 160 (Krénig), the 
lowest 120 (Zangemeister) and yet unsettled. 

Therefore because there have been no criteria for the so-called “‘ danger 
zone’ of blood pressure, I hoped statistically to investigate the systolic 
blood pressure, above all, of toxemias, from the first half term of pregnancy 
to termination of delivery and to confirm the “‘ danger zone.” 


Materials and articles of examination. 

Gravidas and parturients who had been admitted into the Tohoku 
University Hospital for the 3 year period from 1943 to 1945, and whose 
date of expectancy were in this period...... 2879 out-patients and 2024 in- 
patients......were investigated. Toxemias of these were 376 out-patients 
and 383 in-patients. 

Taking systematically each month of pregnancy, the first stage of 
delivery, and right after the placental stage, I looked for “‘ mode” of 
systolic blood. pressure. Furthermore concerning blood pressure changes 
during labor, 111 parturients were observed in 1944. 

My criteria for toxemia is as follows: After the 7th month of pregnancy 
(1) Hypertension over 150 mm. Hg, (2) Albuminuria over 0.5%, (Esbach), 
(3) Edema beyond the lower abdominal region and (4) two or all of these 


symptoms. 
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Furthermore I devided toxemias in 2 groups, namely hypertensives and 
non-hypertensives. 


Results (Fig. 1.) and discussion. 
(1) Normal gravidas. 

In the later half term, Yogo:stated, some 40% had shown a tendency 
to increase, 18% to decrease, 17% no constant tendency and 25% was 
unchangeable. The difference between the age-groups was hard_to find, 
he decided on 130 for a physiological limit, Strassmann®) investigated 


230 gravidas after the 7th month of pregnancy, and found in 48% a rise | 


over 10 mm. in the last trimester. If there were not pathological finding 
in urine, he stressed, blood pressure below 150 might be normal. 

Besides Hashizume pointed out a more or less increasing tendency 
after the 6th month of pregnancy. 

In my eesults also, from the frequency distribution table (omission), 
cases over 131 markedly reduced, the modes are far lower and up to the 
9th month no tendency to a rise was noticed. Namely from the 4th to 
the 9th month, the modes are between 101 and 105 and have no constant 
tendency, but coming to the 10th month they increase slightly but not 
extremly. 

In the first stage of labor, 111 viz. a rise of 5 to 10 mm. above each 
month. This result is identical with Ohligmacher’s investigation that in 
the last 2 days of pregnancy blood pressure increases 5 mm. and then with 
the onset of labor 5 to 10mm. more. Right after delivery it is 110, nearly 
same as the first stage. So-called old primiparas (over 31 years old) give 
no high figure either. 

From the first half term of pregnancy to termination of labor, generally 
speaking, by either age-groups or parity-groups, (arithmetic) means just 
rarely go beyond 120, with no case over 130. 

(2) Toxemias of late pregnancy. 

Unfortunately, R. G. Douglas’ mentioned, the vast majority of the 
toxemias of pregnancy are associated with a hypertension. Seitz reported 
that gravidas with bldod pressure of over 150 frequently developed eclam- 
psia and pre-eclampsia, and then Hashizume settled for a danger zone the 
hypertension of over 150, because in 4 eclamptic patients the average of the 
systolic pressure was 161. Besides Dieckmann had classified systolic blood 
pressure of 140 or more for 2 days or longer as a toxemia, although without 
any other toxemic symptoms. 

At present in America, 140 is generally allowed’to be a boundary be- 
tween normal and toxemic gravida, but as described, I will accord with 
our provisional definition and later examine these figures. 

a. Non-hypertensives (concerning one or both of edema and albuminuria). 
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Up to the 9th month, the means are almost the same as those of normal 
gravidas, but in the 10th month they are slightly higher. In the first stage 
of labor it is 124 or slightly higher. 

b. Hypertensives (with or without edema and albuminuria). The modes 
from the 5th to the 9th month are between 111 and 116, have no constant 
tendency, and are 10 mm. higher than normal, but in the 10th month 
143, viz. a rise of some 30mm. In the first stage 148, and right after 
delivery 136, therefore indicating a relative quick recovery after delivery. 

Ohligmacher’s® conclusion, that a rise of 30 to 40 mm. during labor 
indicates a serious lesion, may be applicable here, too. 

The evidence, that through all the terms of pregnancy and delivery 

the modes are not as high as expected, may be because of pressure lability, 
on which I will touch in the next papers. Accordingly it must be wrong 
to diagnose toxemias by only one reading of blood pressure. 
c. Eclampsia and pre-eclampsia. If investigating eclampsia and pre- 
eclampsia only, up to the 6th month no high figure was seen, and from the 
7th to the 10th month the means are between 146 and 149. In the first 
stage a rise of 30 mm. (viz. 186) occurs, and right after delivery it returns 
to 162. Primiparas of these have a rise two month before delivery, and in 
the first stage also less increasing than multiparas, 


(3) The highest systolic blood pressure during labor. 

Even in the rest periods of pains, Ohligmacher and Doerr described, a 
rise of 5 to 10 mm. in the stage of dilatation, and of 5 to 10 mm. more in 
the stage of expulsion were ysual, and also the average increase through 
the whole term of labor was 18 mm. 

From my results, in normal parturient the mode is 12 mm. higher and 
in general toxemia 8 mm. higher than the first stage of labor, especially in 
multiparas of the latter this rise is greater. 

In brief, both normals and toxemias, as a rule, have a rise of about 
10 mm. after the onset of labor. 

In consideration of these results, for a normal limit of blood pressure 
I can not help deciding on 140, and supporting Dieckmann’s classification. 
But for it after the onset of labor, 150 may be thought good. 


CONCLUSIONS. 


From my investigation of blood pressure of 2879 gravidas and 2024 
parturients, I arrived at the following conclusions. 
1) Norma! gravidas. Up to the 9th month no remarkable change notic- 
ed, the modes are between 101 and 105. In the 10th month a slight 
increase of blood pressure and in the first stage of labor a rise of 5 to 10 mm., 
thence forth during labor a rise of about 10 mm. more again are remarked, 
and right after delivery being same as the first stage of labor. 
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Fig. 1. Curves are plotted from arithmetic means. 











By both the age- and the parity-groups no significant difference was 
admitted, and so-called old primiparas had no high figure. 
2) Toxemias. Non-hypertensives, almost being same as normals, only in 
the first stage the pressure increase was more marked a little than the 
latter. 

In hypertensives, up to the 9th month the modes are between 111 and 
116, only 10 mm. higher than normals, but in the 10th month 143 (a rise 
of about 30 mm.), in the first stage 148, right after delivery 136, indicating 
a relative quick recovery. Generally toxemias, as a rule, have a rise of 
about 8 mm. more along with labor progress. In cases of eclampsia and 
pre-eclampsia, since the 7th month are markedly increasing. Up to the 
10th month the means are nearly 150, in the first stage 186 and right after 
delivery 162. Primiparas of these have a tendency to a rise after the 8th 
month. 
3) During the whole term of pregnancy a normal limit of blood pressure 
may be decided to be 140 mm. Hg, but after the onset of delivery it is 
150mm. Hg. 

About blood pressure up to the 10th month of pregnancy, I can not 
help but support Dieckmann’s classification in which 140 or more for 2 
days or longer is admitted into toxemias. 
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Studies about Blood Pressure of Toxemias of 
Late Pregnancy. 


. Second Report. 
Range of Blood Pressure of Toxemias in Late Pregnancy. 


By 
Rin Hikichi. 
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(From the Department of Obstetrics and Gynecology of Tohoku 
University, Sendai, Director: Prof. T. Shinoda.) 


(Received for publication, December 12, 1949) 


Even if several investigaters have already noticed the pressure lability 
of gravidas and parturients, I can find no concrete report about it. The 
cold pressor test and the pituitrin test (Dieckmann & Michel’)®’), surely, 

may let us know a predisposition to hypertension and answer the purpose 
of prognosis of toxemias and pre-eclampsias, but they never show the true 
range of blood pressure. 

In my statistical observation in previous papers,*) I have supported 
Dieckmann’s view. Furthermore, expecting true. range of blood pressure 
in toxemia of pregnancy, I pursued the Gubner’s*) method, which was 
very simple and effective to confirm the range of essential hypertension. 
And I also expected to find a correlation between vasomotorial factors and 
humoral factors in hypertension of pregnancy. But the effects caused by 
carotid sinus perssure on an autonomic nervous system have had many 
objections for its practical value. 


Materials and method. 


Gravidas and parturients who consulted and were admitted into the 
Tohoku University Hospital from May 1947 to March 1948 have been 
subjected to my tests 179 times for 81 normal gravidas, 104 times for 35 
toxemias and as a controll, 25 times for 25 non-pregnants of conceptive 
age. 

Our criteria for toxemia is as in previous papers. 

Furthermore I devided toxemia favourable for itivestigation in non- 
hypertensives and hypertensives as previously done. 

The method of this test is entirely identical with Gubner’s description, 
but a few cases only who gave way to apnea for 20 seconds were subjected 
to ammonia inhalation. 
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Results and discussion. 


(1) Normal gravidas. 

By apnea, an average rise of blood pressure is 6 mm. in pregnancy, 7 
mm. in puerperium, and very rarely goes beyond 10mm. ‘By hyperpnea 
also, an average fall is 6 mm. in pregnancy, 5mm. in puerperium and very 
rarely goes beyond 10mm. To use Tschermak-Hering’s carotid sinus 
pressure—simplifiing TH-test—together with hyperpnea, an average fall is 
4 mm. in pregnancy, 2 mm. in puerperium and less than only hyperpnea. 

An average range—range here speaking means a difference between 
the highest systolic blood pressure by apnea and the lowest by either only 
hyperpnea or hyperpnea together with TH-test—is 14 mm. in pregnancy, 
13mm, in puerperium, and through the whole term of pregnancy and 
puerperium, I can find scarcely over 20 mm. (Fig. 1.) 

In short, between non-pregnants, no significant difference is ad- 
mitted. 

(2) Non-hypertensive toxemias. 

Although in a minority of cases, an average rise by apnea in pregnancy 
is 3 mm., an average fall by hyperpnea only 7 mm., and together with the 
TH-test 5mm. Both the rise and the fall never exceed 10 mm. 

An average range in pregnancy is 12 mm., with no case higher than 
20mm. In brief, there is no significant difference between non-hyperten- 
sive toxemia, normal gravida, and a non-pregnant female. 


(3) Hypertensive toxemias. 

By apnea the average rise in pregnancy is 18 mm., after delivery a rise 
once decreasing significantly, during the 4th to the 10th day of puerperium 
markedly increases and after the 11th day again significantly decreases. 
The cause of this variation of rise has been unknown but is very interesting. 

- By hyperpnea, an average fall in pregnancy is 10 mm. and after the 
9th month of pregnancy to the third day of puerperium a drop occurs, and 
later shows the same progress as apnea. Multiparas tend constantly to 
decrease more intensly than primiparas. 

By hyperpnea together with the TH-test, an average fall in pregnancy 
is 5mm. In the later ‘half term (after the 7th month) of pregnancy and 
puerperium the decrease is remarkable, caused by a tendency to paradoxical 
reaction. 

The average range in pregnancy is 30 mm., with no case below 20 mm. 

The evidence that during the 4th to the 10th day of the puerperium 
range, which has once decreased after delivery, increases again is plain from 
my above results. 

In comparison with other groups, both the rise and the fall in the first 
half term (up to the 6th month) are not surely because of a minority of 
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cases, but in the last half they are surely more intense. Using the hyperpnea 
together with the TH-test, no significant difference can be drawn between 
these groups. 

Because of their large range already noted from the first half term, a 
range of over 20 mm. in early pregnancy seems to indicate that the patient 
may develop a toxemia, in which the hypertension is the predominant 
finding. 

Fig. 1. Range of blood pressure. 
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Fig. 2. Correlation between the height and range of blood pressure. 
Coefficient = 0.594+0.039 
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(4) Correlation between the height and its range of blood pressure. 
Without the distinction between months of pregnancy and the exist- 
ence or non-existence of toxemic symptoms, from a correlation table of the 
height and its range of all gravidas and puerperants until the 10th day 
of puerperium, I looked for a coefficient of correlation (Fig. 2.). 
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From a statistical examination of the average figures of the ranges 
between the height-groups, one can determine that the higher the blood 
pressure rises, the larger its range extends. 

Coefficient of correlation=0.594+0.039 

That is a fairly intense, ‘‘ positive ’’ correlation ! 

From the several above mentioned results, on the basis of previous 
papers, blood pressure of 140 mm. Hg for a normal Jimit in pregnancy can 
not be too low, I believe. Nevertheless, after the onset of labor, because 
the range must present a “ peak ’’, 150 may be right for it. 

(5) Evaluation of neurogenic and humoral factors in blood pressure 
maintenance in toxemia of pregnancy. 

Gubner and his coworkers stated that hyperpnea and carotid sinus 
pressure may relax a tonicity of vasomotorial center and set free the basal 
pressure from the effects of the center. On the contrary, apnea may 
stimulate the center to inerease the activity of the vasomotorial nerves. On 
the ‘other hand, humoral factors may maintain the basal pressure, having 
no relation with vasomotoial effects. The Fig. 2. indicates that the 
hypertension of toxemias is maintained not only by the neurogenic but also 
by the humoral factors, because of the high basal pressure, even if one 
regards the whole extension of the range as a fall. Much less is usually the 
average drop with one half of the range. 

This result generally accords with the clinical assay by TEAC (Brust 
and his coworkers) .® 

Recently Ross and Lambeth®) have described that a variability of 
systolic blood pressures made them of less value than the diastolic readings. 
But in consideration of the range as in my tests, the systolic readings may 
never miss their clinical values. 


CoNCLUSIONS. 


I pursued in toxemia ‘of pregnancy using the Gubner’s method to look 
for ranges of blood pressures and_arrived at the following conclusions. 

1) Innormal gravidas and parturients, with nearly no difference from 
non-pregnants, both a rise and a fall very rarely go beyond 10 mm., and 
their ranges also scarcely go over 20 mm. 

‘ 2) Non-hypertensive toxemias usually have no. significant difference 
among normals and non-pregnants, but in the later half term of pregnancy 
the average rise is less than the latters. 

3) In hypertensive toxemias, an average rise in pregnancy is 18 mm., 
an average fall 10 mm., and the average range is 30 mm., with no case of 
below 20mm. Therefore the range of over 20 mm. .in early pregnancy 
seems to indicate that the patient may later develop a hypertensive toxemia. 
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4) Carotid sinus pressure in pregnancy, especially in the last term 
of pregnancy tends to paradoxical reaction. 

5) Between the heights and its ranges of blood pressures of gravidas, 
parturients, and puerperants, there has been fairly intense “ positive’ cor- 
relation. 

6) Omitting vasomotorial factors, the hypertension of pregnancy must 
have to do with humoral factors. 

7) In consideration of range and about a normal limit, I must again 
certify and emphasize my opinion in the previous papers. 

8) A clinical assay following Gubner’s method may be a helpful aid 
in diagnosis of toxemia of pregnancy and in the evaluation of its course. 
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Discussions of causative relation between toxemias of late pregnancy 
and posterior pituitary hormone (PPH) are already time-honored, and 
Kistner,” Anselmino-Hoffmann,* and others have made great contribu- 
tions in these parts. 

In 1933, Kistner’) had performed an anterior hysterotomy on a typical 
pre-eclampsia and at that time a slow intravenous injection of Orasthin 
not only gave her rise to eclamptic fits, but also after the operation her 
blood pressure had increased about 20mm. From this case, and based 
on his melanophore reaction, Kiistner concluded that in the serum of 
eclampsia there had been no factor to inactivate PPH, which every normal 
gravidas, parturients, and puerperants might have in their serums. 

Thereafter an antihormone to PPH has been of increasing interest. 

Recently, an antihormone to pitressin (Griffith),*) pitocianase (Page,* 
Aragon), and antithromboplastin to thromboplastin viz. placental toxin 
(Schneider®) have been made a topic, and are coming into question. 
Therefore I examined in a human body the PPH inactivation of blood 
serum of toxemias. 


1. Materials and Methods. 

Some of the gravidas and parturients who had been admitted from 
March 1946 for two years into the Tohoku University Hospital were sub- 
jected to my examination. Criteria for toxemia is as follows: 1) Hyper- 
tension over 150 mm. Hg, 2) albuminuria over 0.5°/,, (Esbach), 3) edema 
beyond the lower abdominal region and 4) two or all of these symptoms 
together, 

My methods are as follows: 

(1) Plasma method. 
a. 30cc. of plasma from fresh, non-hemolized, citrated blood is 
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devided into two precipitation-tubes (respectively 15 cc.), adjusted by pH 
with a normal acetic acid to from 4.4 to 4.6, the both are kept in a refri- 
gerator for 3 to 12 hours (usually from 4 to 5 hours), then use centrifugation 
to remove. any sediment. 

b. In one of two tubes, 5-V.E. of PPH (Atonin) is mixed, but the other 
one is used as a controll and not mixed, Therefater both tubes are kept 
from 13 to 27 hours at 37°C. 

c. Then directly after the adjustment of the pH to 7.0 with a normal 
sodium hydroxide, subcutaneous injection of the plasma was performed to 
a healthy female, a non-pregnant patient, or another gravida. 

d. Measurement of the blood pressure of an injected female from 10 
minutes before to one hour after injection. 

e. A controlling injection was always performed to the same female, 
but in a few cases the controlling injection was performed first. 

(2) Serum method. 

a. 30cc. of serum from venous blood is devided into two precipita- 
tion-tubes (respectively 15 cc.), and then to each tube 0.15 cc. of 0.5% 
Panseptin is added. 

b. Both tubes are kept from 3 to 10 hours in a refrigerator. 

c. Later methods are the same as with the plasma method, except 
an intravenous injection of serum and a measurement up to 30 minutes 
after injection. 


2. Results. 

I decided as follows: The one whose plasma or serum gave rise to 
the injected female of over 10 mm. of blood pressure was negative (namely 
inactivation negative) and the one whose plasma or serum did not give 
rise was positive (namely inactivation positive). 

In classification of positive or negative from the results, all cases are 
tabularly expressed (Table I.). In the table, edema (+-) means one localiz- 
ed upon legs, edema (#) means one localized above the lower abdominal 
region and (#) means one generalized viz. anasarca. Further PPH addi- 
tion time means the hours from Atonin mixing to injection of tested plasma 
or serum. 


Discussions AND. SUMMARY. 


My criteria for whether PPH has survived or not is based on a rise 
of blood pressure in an injected female.. When Atonin (PPH) is injected 
subcutaneously, the blood pressure arrived at the highest from 7 to 9 
minutes after injection, Kawakami”) stated, but when injected intravenously 
it arrived from | to 2 minutes after, and in both cases it returned again in 
18 minutes. If the mixed Atonin has survived, because of its dilution in 
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15 cc. of plasma or serum in my examination, the blood pressure should 
arrive at the highest point later in some degree than Kawakami's. 

In consideration of this, I have judged whether positive or negative. 

All normal gravidas, parturients, and puerperants were positive. 

For the standard for judgement Case 21. and Case 22. were positive, 
but led an injected gravida from the end ‘term of pregnancy to labor pains 
in a short time. This may indicate that though the pressor principle of 
PPH has been inactivated, the oxytocic principle has survived. Even 
though in a few cases, the pressor principle may be more quickly inactivated 
than the oxytocic one. ; ' 

One negative case of mild toxemia (Case 3.) goes contrary to my ex- 
pectations, but one can not deny that many of negative cases are generally 
severe toxemias. Particularly the fact that all of the 3 eclampsias have 
been negative is worthy of notice. Above all, the fact that one of eclampsia 
was'in pre-eclamptic stage 2 days before fits positive, but direct before fits 
negative may stand up for Kistner’s hypothesis. 

Therefore there is considerable evidence that some toxemias of late 
pregnancy surely lack in their blood an inactivation factor for PPH. 

There may be close causation between the lack of an inactivation factor 
and an occurence of toxemia, ‘especially of eclampsia. 


CoNncLUSIONS. 


On all toxemias of late pregnancy Kiistner’s hypothesis enlarged, by 
an examination of the human body, I arrived at the following conclusions. 

1) In all 7 of the normal gravidas, parturients, and puerperants in- 
activation for posterior pituitary hormone was positive, in 9 of 16 toxemias 
negative, and especially in all of the 3 eclampsias it was negative. 

2) The pressor principle of posterior pituitary hormone may be more 
quickly inactivated than the oxytocic one. 

3) Some toxemia, especially its severe cases, surely may lack in their 
blood an inactivation factor for posterior pituitary hormone. Particularly 
eclampsia must have a close causation for the lack of the inactivation factor. 

4) I can allow a substantial propriety to Kiistner’s theory, but can 
not allow it to fit for every toxemias. 

5) Lack of the inactivation factor for posterior pituitary hormone 
may be one factor in etiology of toxemia, especially of eclampsia. 
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Many auxiliary methods ‘for malignant tumour diagnosis have been 
reported hitherto, but very few of them are known to have easy process 
and high probability. As to the sedimentation rate of erythrocytes the 
following fact is generally recognized. Even when it is abnormally rapid, 
add some citrate solution to the fresh blood just taken out and lay it un- 
touched for various hours and puts it into a pipette and measure it, then the 
rate is found remarkably slow even after a few hours, and after 24 hours it is 
extremely slow or there is hardly any precipitation. 

Koster” found that in the blood of a person who has a malignant 
tumour, or takes certain drugs such as bismuth, salvarsan, amidopyrine, 
lipiodol, potassium iodide, per-abrodil, or oraltetragnost, there is very little 
or no decrease of the sedimentation rate above mentioned. So he tried to 
employ this for malignant tumour diagnosis. He mixed 8 cc. of blood 
with 2 cc. of 3.8 per cent sodium citrate solution and laid it for an instant 
and 1, 2, 3, 4, 5, 6,...... 24 hours and examined the change at each period 
by measuring the sedimentation rate according to Westergren’s method. 
Consequently he divided the change into three forms. 1) The sedimenta- 
tion rate was even for 24 hours, or if decreased, it was less than 80 per cent 
of the first rate. 2) The sedimentation rate increased remarkably higher 
than the first rate in 24 hours. 3) The sedimentation rate increased higher 
and higher and then decreased gradually and often even lower than the 
first rate. 

According to him, all of 560 examples of non-malignant cases or normal 
persons were negative, that is, none of them indicated any of the three 
forms above mentioned, while 95 per cent of 112 examples of malignant 
tumour cases and 100 per cent of 14 examples of Hodgkin’s disease were 
positive. About this, Feldman*®) made a re-experiment and observed it 
significant, but Apter®) opposed it saying that it is not particular with malig- 
nant tumour. 

However, if such a simple method introduced by Koster" is so helpful 
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when we find it difficult to diagnose malignant tumour, it must be very 
convenient. So I improved his method and made my own experiment on 
a certain condition. By my method I took 3.2 cc. blood and divided it into 
two test tubes (1.6.cc. each) previously filled with 0,4.cc. of 3,8 per cent 
sodium citrate solution, and after mixing well I immediately measured one 
of them in the 20°C incubator by Westergren’s method. I laid the other in 
20°C incubator for 24 hours and then after mixing well again, measured it 
on the same condition. For pre-experiment I made a measurement con- 
cerning several cases of stomach cancer and normal persons. After various 
considerations, I made a decision on the result of experiment, according to 
the following standard. (N.B. The sedimentation rate was compared by 
precise measurement of an hour’s rate) 

I compared the sedimentation rate of the fresh blood with that of 24 
hour-old blood, and if the sedimentation rate of the latter was found over 
80 per cent of that of the former, that is, if less than 20 per cent decreased 
on account of being laid alone, I decided it positive; otherwise, I decided 
it negative. 

According to this test, out of 52 exsamples of malignant tumour 94,2 
per cent proved positive, and out of 106 examples of non-malignant cases 
5,6 per cent was positive, which statistically shows that the probability 
of error was below | per cent. (Tabs. I, II, and Fig. 1) 

The three examples of malignant tumour that proved negative were 
one of carcinoma of stomach, one of cancer of esophagus, and one of cancer 











TABLE I. 
Cases Positive cases | % 
Malignant tumour 52 | 49 94,2 
Non-malignant 106 6 | 5,5 


The malignant tumours are itemized as below: 





Diagnosis Cases Positive cases 
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Carcinoma of stomoch 
Carcinoma of bile duct 

Cancer of pancreas 

Cancer of uterus 
Carcinomatous peritonitis 
Cancer of esophagus 

Cancer of lung 

Cancer of rectum 

Mediastinal tumour 
Chorionepi thelioma malignum 


Malignent tumour 
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Diagnosis Cases Positive cases 
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Round gastric and duodenal ulcer 18 
Gastric catarrh 18 
Tuberculosis of the lung 24 
Tuberculosis of the kidney 
Tuberculosis of the intestine 
Tuberculous peritonitis 
Pleurisy 
Caries of the spine 
Tuberculosis of pancreas 
Tuberculous meningitis 

. Cerebral syphilis 
Neurasthenia 


Non-malignant 


Progressive paralysis 
Hepatitis 
Pneumonia 

Round worm disease 
Mitral insufficiency 
Urocystitis 

Epilepsy 
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of lung. The six examples of non-malignant cases that proved positive were 
2 cases of renal tuberculosis, 2 of gastric ulcer, one of serious enteroptosis 
and one of serious pulmonary tuberculosis (The experiment of the last one 
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was done 7 days before death). I had.alsosuchexamples. A case clinically 
suspected to be of malignant tumour proved negative by my test, and so 
I wished to diagnose it not to be malignant tumour, and finally my diagnosis 
proved right by operation. A case whose symptom was of chronic intestinal 
obstruction caused by tumour, proved negative by my test, was diagnosed 
as intestinal tuberculosis by operation. A case of abdominal tumour, 
which was diagnosed as pancreas cancer but according to my test it seems 
to be non-malignant, was decided as pancreatic tuberculosis after operation 
and histological investigation. 

Otani and others*-5) remark that in stored citrated blood the sedimenta- 
ticn rate receives no influence of it, but Freuchen and many others®-?)) 
observe that the rate is slow in it. As to the cause of it, Westergren® and 
Murakami’) refer it to the change of temperature; Starlinger®®) to the 
decomposition of serum protein; Berczeller and Wastl'” to the denatura- 
tion of fibrinogen; Leffkowitz!” to the denaturation of fibrinogen and also 
to erythrocyte respiration; Katz and Leffkowitz®®) to serum viscosity. 
Then why do we find such phenomenon in the blood of malignant tumour 
cases above mentioned? Koster!) assumes that the quantitative change 
of K-ion in erythrocyte may be the cause of it, but Feldman?) says that the 
cause is still unknown. My own experiment and research of papers has 
not yet given me anything more than assumptions, but I suppose that a 
delicate denaturation of serum and erythrocytes may be very significant. 
Concerning this point I am continuing my study. Anyhow I believe there 
is no doubt that this method is very important for cancer diagnosis. 


SUMMARY. 


For the measurement of sedimentation rate, I added citrate solution to 
the blood taken from the patient and mixed them well and then divided it 
into two test tubes. I immediately measured the sedimentation rate of one 
for one hour in 20°C incubator, I laid the other for 24 hours in 20°C in- 
cubator, and mixing it well again, I put it into a pipette, and measured the 
rate after an hour and then I compared the two. 

1. In cases of cancer (mainly carcinoma of stomach) 94,2 per cent 
of the examples showed that the sedimentation rate in 24 hours was over 
80 per cent of that in one hour. 

2. In cases of other than cancer only 5,6 per cent of the examples 
showed the same phenomenon above mentioned. 

3. These facts showed a great significance concerning the auxiliary 
method for cancer diagnosis. 


Part of the expense of this investigation has been met by grants from the 
Foundation for Promotion of Scientific Research of the Education Department. 
F, Nakazawa. 
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A number of physiologists such as Achelis,? Renqvist and Koch,? 
Coppée®*) and others showed that in stimulation of nerves and muscles by 








means of sinusoidal] alternating currents, 
the strength-frequency curve shows a 
minimum. Similar experiments were 
carried out by Rohracher®) and by 
Schwarz® on the {human eye, taking a 
sensation of flicker as the index of excita- 
tion. In these experiments, the optimum 
frequency was found to be situated around 
20 c.p.s. We have found that there ap- 
pear more than one.minimum in the 
strength-frequency curve obtained from 
the human eye, as will be reported in 
the present paper. 


Apparatus and Method. 


The apparatus for electrical stimula- 
tion of the eye is shown in Fig. 1. The 
set shown below in the Figure represents 
a generator of alternating currents of low 
frequencies, and the set shown above a 
generator of constant current pulses. A 
rotating disc with a sinusoidally waved 
circumference caused corresponding varia- 
tions of the amount of light falling on a 
photocell, whose current was amplified 
by means of a R-C coupled amplifier 
with a time constant of about | second. 
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Fig. 1. Arrangements for electrical 


stimulation of the human eye. Amp.: 
three stages R-C amplifier. E: current 
source of 6-12 volts. F: electric lamp 
with a linear filament. I: interrupter. 
L: lens. P: potential divider. P.C.: 
photocell. S: rotating disc with a 
sinusoidally waved circumference. 
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The output of the amplifier was of cathodal type so that output voltages ap- 
plied to the subject did not surpass about 15 volts. The detail of this 
generator is described in our previous paper.” 

We performed some experiments using constant current pulses, which 
were generated in such a manner that a circuit containing a current source 
of 6-12 volts was interrupted by a rotating interrupter. The speed of rota- 
tion was controlled by means of a rheostat and a system of pulleys. 

Stimulating electrodes consisting of silver plates 1 x 2 cm? in size were 
placed at the glabella and the occiput, the electric contact with skin being 
secured with electrode-paste. The stimulating voltage was raised by means 
of a potential divider at an approximately constant rate till the subject 
perceived the appearance of flicker, and then lowered from a high level 
sufficient to evoke a sensation of distinct flicker till the subject noticed the 
disappearance of flicker. The average of the threshold for appearance 
of flicker and that for disappearance was taken as the threshold value. 


Results. 


Experiments were carried out in a dark room. A 60 watts lamp was 
placed behind the subject so as to cast the shadow of the subject’s head on 
a white wall in front of the subject. Measurements were taken while the 
subject was gazing at the shadow on the wall. An example of threshold 
voltage-frequency curves is illustrated in Fig. 2. The curve shows three 
distinct minima at about 18, 37 and 53 c.p.s. The lowest optimum fre- 
quency corresponds to that found by Rohracher and Schwarz, who could 
not find the higher ones probably on account of the insufficient number 
of points taken in their experiments, 

A similar curve having minima at the same frequencies as in the ex- 
periment stated above was obtained from one and the same subject, using 
constant current pulses instead of alternating currents. The data are 
shown in Fig. 3.. The strength-frequency curves obtained in these experi- 
ments are generally closely similar to each other, and the only difference is 
that the threshold voltage increases more steeply with increasing frequencies 
for constant current pulses than for alternating currents. It was found 
that the determination of threshold for frequencies higher than 100 c.p.s. 
was difficult with constant current pulses owing to pain sensations evoked 
by the currents, while it was found much easier to determine the thresholds 
for such high frequencies with sinusoidal alternating currents. 

As can be seen in these Figures, the three optimum frequencies are in 
approximately harmonic relation to one another, and this situation may 
raise the question as to whether or not such a physical factor as harmonics 
contained in stimulating currents is responsible for these minima in the 
strength-frequency curve. This argument, however, may, to a certain 
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Fig. 2. Strength-frequency curve determined by sinusoidal alternating 

currents. 
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Fig. 3. Strength-frequency curve determined by constant current pulses. 


degree, apply to the data obtained with constant current pulses, because 
they contain obviously a great deal of harmonics, but the sinusoidal alter- 
nating currents used in our experiments contained only an exceedingly 
small amount of harmonics, and consequently it does not seem probable 
that such weak harmonics should have any excitatory effect upon the 
excitable tissue of the eye. Therefore, it is evident that the minima of the 
strength-frequency curve must be caused by the fundamental oscillation 
of the current. 

We shall further in our next paper show that the same periodic excita- 
bility of the human eye can be demonstrated without resort to such periodic 
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stimulation as used in the present experiments. The minima in question 
are, therefore, surely of physiological origin, but not due to physical arte- 
facts. We could not succeed to find the third optimum frequency in some 
subjects who showed too high thresholds for higher frequencies, while the 
fourth minimum was observed in some subjects who showed relatively low 
thresholds for currents of higher frequencies. 

We performed some experiments under strong light adaptation, which 
was brought about by constant exposure of the eye to a white wall of about 
10,000 lux. The strength-frequency curve obtained under these experi- 
mental conditions showed minima less distinct than those in the experi- 
ments performed under moderate light adaptation. The thresholds for 
lower frequencies were found higher, while those for higher frequencies 
were lower than the corresponding values obtained under moderate light 
adaptation. As a consequence, the strength-frequency curve appeared 
more horizontal as a whole, although the minima were situated at about 
the same positions in the two cases, under strong and moderate light adapta- 
tion. Such a tendency could be observed in the curve obtained under 
complete dark adaptation. It must be mentioned that in a state of com- 
plete dark adaptation, the lowest optimum frequency seemed to be some- 
what lower than in a state of moderate light adaptation. 


Discussion. 


For a system vibrating under the action of a given alternationg force 
the amplitude of oscillation is maximum when the frequency of the driving 
force nearly equals the natural frequency of the system,and this pheno- 
menon is known as “‘ resonance,’’ The question now arises as to whether 
or not the minima of the strength-frequency curves obtained in the above 
experiments can be regarded as the result of resonanee. According to the 
theory advanced by Hill,®) such a minimum of-the-strength-frequency curve 
can be caused by accommodation of excitable tissue in the following way: 
As a rule, the threshold rises as the frequency of the stimulating current in- 
creases, but in the frequency range below a certain level, the threshold can 
rise with decreasing frequencies, because accommodation becomes more 
pronounced as the frequency decreases, thus a minimum is established in 
the strength-frequency curve. This theory explains the mechanism under- 
lying the phenomenon observed on nerves and muscles which show no sign 
of periodic excitability under normal conditions, but so far as excitable 
tissues showing marked periodic excitability are concerned, the assumption 
of resonance seems the most natural way of explanation for the minimum 
of the strength-frequency curve. As to the definition of periodic excitability, 
Motokawa’s paper®) should be consulted. As shown in this paper, the 
human eye represents a good example of periodically excitable tissues. 
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Fig. 4. Influence of the manner of applying stimulating voltage upon 
strength-frequency curve. Continuous curve: determined by slow increase 
of stimulating alternating currents. Broken curve: determined by sudden 
make of currents. 


Coppée® showed that a minimum of the strength-frequency curve of 
nerve is flattened to a considerable degree when the nerve is stimulated by 
sudden make of alternating currents. Since accommodation develops only 
little at sudden make of stimulating currents, the minimum cannot be con- 
spicuous under these experimental conditions, if accommodation is responsi- 
ble for the minimum. In order to see whether or not a similar change 
could be caused by the same procedure, experiments were performed by 
the two methods (slow increase and sudden make of stimulating alternating 
currents) on one and the same subject otherwise under the same experimental 
conditions. The data are illustrated in Fig. 4, in which curves in full and 
broken lines are referred to the slow increase and the sudden make respec- 
tively. As can be seen in the Figure, the flattening of the minima caused 
by the sudden make is not so considerable as in the case reported by Coppée, 
and this fact suggests that the minima of our curves may be regarded as the 
consequence of resonance. 

Motokawa’s work on color processes in the retina’®)11)2) offers con- 
clusive evidence that there are several excitable tissues having their own 
time constants. The crest times, i.e. the times from the end of pre-illumina- 
tion to the maximum of electrical excitability of the retina were found about 
1, 2 and 3 seconds for the R, Gand B processes respectively; they are, 
therefore, approximately in harmonic relation to one another. This rela- 
tion resembles closely the relation found among the optimum frequencies in 
the above experiments. In spite of this close resemblance, we do not 
venture to say that the three color processes revealed by Motokawa’s method 
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are responsible for the three optimum frequencies, for further experiments 
are needed in order to draw such a conclusion. 


SUMMARY. 


The human eye was stimulated by sinusoidal alternating currents of 
varying frequencies in order to study the relation between the threshold 
voltage and the frequency. The strength-frequency curve obtained in 
this way showed three minima at about 18, 37 and 53 c.p.s. These minima 
appeared most conspicuously under moderate light adaptation of the eye. 

Similar results were obtained with constant current pulses of varying 
frequencies. In the above experiments, the stimulating current was in- 
creased or decreased slowly and steadily. When the eye was stimulated 
by sudden make of stimulating currents, the minima were flattened only 
to a slight degree. This finding suggests that the minima under considera- 
tion were produced by resonance, and the appearance of multiple minima 
in the strength-frequency curve indicates that there are as many excitable 
tissues with different time constants in the human retina. 
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